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1.  BACKGROUND 


a.  The  main  endeavor  of  Ihls  project  continued  to  be  research  on  the  ecology  of 
murine  typhus  In  Ethiopia,  with  corollary  studies  on  the  ecology  of  tlck>bome  rlekettslosls. 
The  approach  of  sending  a srall  team  to  undertake  Intensive  field-work  on  tlicse  subjects,  fol- 
lowed by  detailed  and  exhaustive  Investigations  In  our  Baltimore  laboratory  on  the  Identifica- 
tion and  analysis  of  the  specimens  and  data  collected,  has  proven  to  be  a sound  oie.  Once 
again  the  studies  have  proven  to  be  highly  fruitful,  an  Indicated  by  the  results  reported 
herein. 

b.  The  field  team  consisted  of  C.L.  Wloseaan,  Jr.,  H,D. , Director  and  Physician, 

R.  Traub,  Ph.D. , as  Intcrin  Field  Director,  and  Entomoleglsi , A,  Parhang-Axad,  Ph,D.,  as  M'ero- 
blologlst  and  D.A.  Schllttcr.  Ph.D.,  as  Hammaloglst.  The  first  3 arc  from  our  Department,  and 
Dr.  Schlitter,  of  the  staff  of  the  Carnegie  Museum,  Pittsburgh,  PA,  Is  collaborating  with  us  on 
this  project.  The  team  opera'ei  In  Ethiopia  during  tl'.c  per'.od  February  - early  March  1977*  *'"1 
thanks  again  to  the  splendid  cooperation  and  support  wholeheartedly  rendered  by  KAMHU-9  Ir. 
every  respect,  the  Invest Ig.-ttors  were  able  to  spend  virtually  the  entire  period  on  construc- 
tive operations  In  the  field.  Hundreds  (or  thousands)  of  specimens  of  frozen  material  (sera, 
tissues  and  ectoparasites);  dr'ed  samples  of  blood  on  filter  paper;  smears  of  mlcrodl ssccllonr 
of  fleas,  lice,  ticks  and  mites;  naramals  and  ml sccllaricous  ectoparasites  were  collected,  pre- 
served or  prepared,  at.d  observations  and  data  amassed,  all  for  critical  follow-up  study  In  the 
U.S.A. 

c.  Studies  i;ere  also  continued  on  earlier  and  current  phases  of  the  program  In  the 
light  of  new  data  and  Ideas.  In  the  base  laboratory  at  Baltimore,  generally  at  iio  expense  to 
the  Contract,  a series  of  cxperlnerits  uert‘  undertahen  on  experimental  Infection  with  H,  mocEcrl 
and  other  aspects  pertlnei.t  to  oi.r  uiidcrslundlng  of  r.urlno  typhus  Irifectlon,  and  considerable 
effort  was  expended  In  preparltg  antigens,  tissue  cultures,  conjugates,  reagents  and  other  ex- 
pensive and  tlme-consumltig  Materials  so  vital  to  the  project.  The  large  and  critical  review 

of  the  ecology  of  murine  typhus,  containing  new  and  original  concepts,  has  been  accepted  for 
publication  by  the  Tropical  Diseases  Bulletin,  and  Manuscripts  on  the  so-called  extra-hur..in 
cycle  of  epidemic  typhus  have  been  revised  on  the  basts  of  subsequent  material. 


'i  i 


2.  THE  ECOLOGY  OF  TORIilE  TYPHUS 

a.  It  Is  now  flx’Mly  established  that  1)  with  the  new  methodology  11  Is  possible  to 
rapidly  and  accurately  obtain  data  on  rickettsial  Infections  In  mammals,  fleas,  I’co,  ticks  and 
mites,  and  2)  the  flndlngi;  to  date  have  continued  to  provide  a firm  basis  for  elucidation  of  the 
many  unresolved  questions  about  the  ecology  of  laurlne  typhus.  Alll’be  evidence  Itidlcalcs  liiat  i 

not  only  is  thl.s  Infection  r.aturally  rcsti'lcted  In  Ethloi'la  to  commensal  rodents  and  their  ecto-  ' 

parasites,  but  it  Is  limited  to  only  certain  species  thereof,  l.e.  Rat  I us  rats  ai:d  at  least  | 

their  fleas  and  Hoc,  and  perhaps  Hus  musculus,  and  does  not  occur  in  ttio  wealth  of  native  mu-  | 

I’lnes  and  ectoparasites  Infesting  huts  and  buildings  In  r.any  part:;  of  tlic  country  unless  Uiese 
Introduced  murines  are  also  present.  If  infection  co-exlsts  In  a native  murine  ai.d  Rattus , 

It  Is  appai'cntly  an  unusual  event  In  the  autochthonous  species,  even  in  tlie  same  domicile. 

Moreover,  .sineo  Rattus  and  M'ls  mscuUis  liave  been  found  onl;.  in  tlir  ::iaJor  to\;n:;  surveyi  d aiid  a- 
long  the  main  I’Outi'S  of  cor.i  crcc , It  reem:;  prebabto  t be  Infection  Is  limited  googr.ii'hl  cal  l>  and 
ecologically  an  v;ell.  Villages  Junta  ftvrmlle:;  from  Add!:;  Ababa  (vdiere  llie  1 nficl  ! on  .and  disease, 
are  common)  may  be  free  of  Ih’tt.^s  and  dei «nsl.rable  presence  of  R.  moose r I In  murli-e;  and  eclo- 
parasltes  In  dwclllrig;;.  V/lthtn  5 Irn.of  Addis  both  Ititi.u;-  and  luitlve  i.iurines  may  live  In  n doml - 
die, but  j'arcly  share  fleas.  Other  major  findings  are:  1)  :i  sibling  iperie;;  of  llic  .illcged  veol.or 
flea,  Xeiiopsyl  l;i  chcopls,  na  .cly  1^  banl  oruiii,  outnumbered  It  on  H.il  l.us  In  tlie  endcnlc  foci  and  ?) 
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extror.»!ly  abiuidant  on  Indlecnoua  murines  cltscwlierc,  In  tlie  absence  of  Irifecllon, 
and  they  wei-c  also  common  on  ouch  rodents  In  huts  In  the  absence  of  Hattus  and  of  K_j_  mooserl . 

R,  mooserl  In  Hattus  was  noted  In  houses  In  Koha  tovm,  and  tlie  rate  of  Infection  there  Is  sig- 
nificantly lower  than  In  Addis  Ababa.  The  most  common  Hattus  flea  ir.  Addis  Is  Leptoiisylla  sctrnls. 
and  this  has  been  found  to  have  a high  rate  of  natural  Infection  with  R^  mooserl . L.  segnts 
has  not  been  found  In  Koka,  perhaps  because  of  the  higher  temperature  there,  nor  has  It  been 
found  on  the  Indigenous  murines  which  arc  coitwiensals  outside  of  Addis,  and  which  are  Infested 
with  the  allied  aethloplca  (and  both  species  of  Xcnopr..vlla) . L.  acthtoplca,  while  broadly 
distributed  In  Ethiopia,  Is  very  rare  except  In  the  highlands,  where  It  Is  restricted  to  native 
murines,  and  where  at  elevations  of  260O-29OO  m.  It  may  be  fairly  common,  especially  at  the 
upper  limits  of  altitude.  It  has  not  been  found  In  domiciles  where  Rattus  occurs,  but  may  be 
taken  on  native  murines  Indoors  In  the  absence  of  Rattus.  L.  segnis.  In  contrast.  Is  Itcilted 
to  Rattus  and  Mus  and  to  the  Indoors.  The  two  Leptopsylla  ray  therefore  exist  within  meters  of 
each  other,  but  there  seems  to  be  no  cross-over.  The  epidemiological  consequence  of  such  fact- 
ors may  prove  to  be  noteworthy.  Additional  data  wore  again  collected  this  year  Indicating  focal 
differences  In  the  Infection  rate  of  R^  mooserl  In  Rattus.  These  and  other  points  arc  treated 
In  more  detail  below,  following  a discussion  of  the  small  maimnals  ( iheraphlons)  and  ectoparasites 
encountered. 

b.  Areas  and  Habitats  Studied 

1)  Six  general  areas  have  been  studied  thus  far  In  this  pi’oject,  as  cited  In 
Table  1,  which  also  shows  the  habitats  therein  which  have  been  surveyed,  and  Indicates  the 
designation  used  therefor  on  the  tables  of  data  an.d  In  the  text  below.  In  and  near  Addis.  9 

(TAIJLE  1 ABOUT  HEHE) 

foci  were  being  investigated,  Including  } new  ones,  and  3 were  checked  In  the  Koka  site,  which 
was  visited  again  In  1977.  Ankober,  Lcml  and  Kenagesha  proved  to  be  of  great  scientific  Inter- 
est In  1973  and  I976  but  because  of  the  shortage  of  time  atid/or  unsettled  conditions,  they 
could  not  be  examined  Iji  1977.  Tlie  new  area,  Mount  Intoto,  Just  2-l|  km.  fi-ora  Addis,  proved  to 
be  exceptionally  rewarding  as  a study  site,  Intoto  Is  a huge  mountain  maos  Immediately  north 
of  the  capital,  and  he rcj  merely  2-4  kin.  from  the  U.S.  Embassy,  we  found  villages  of  tremendous 
significance  to  ou  r studies  on  murine  typhus.  Thus,  In  Intoto  Kcdanl  Melu’et,  the  closer  one, 
at  2600  m.  elevation,  Rattus  co-cxlstcd  In  tlie  huts  with  native  murines  like  Fraomy 3 . This  was 
the  only  such  site  knovm  to  us,  and  gave  us  an  opportunity  to  study  t/ie  possible  llniltallon, 
versus  cross-over,  of  Rj_  mooserl  infection  In  various  rodents  and  their  ectoparasites  In  a 
focus  we  viere  certain  would  psove  to  be  endemic  (as  It  did).  Th"  second  village,  Intoto 
Maryam,  2 km.  further  up  the  mountain,  at  29OO  n.  was  apparently  free  of  Hattus,  but  Praomys 
etc.  was  abundant  In  the  houses  or  were  also  taken  therein.  This  provided  an  opportunity  to 
cor.ipare  the  cndcmlclty  in  2 villages,  which  thougii  close  together,  had  Important  faunal  dlf- 
- fercncos.  Intoto  was  renarkably  free  of  native  vegetation  and  In  essence  consists  only  of 
groves  of  eucalyptus,  a tree  Introduced  from  Australia  for  timber  and  fuel,  agricultural 
fields,  overgrazed  pasture  and  a large  military  reservation  encompassing  those  same  habitats. 

The  only  cover  of  Indigenous  or  introduced  hoi'bs,  bushes  and  trees  whore  relict  rodents  were 
likely  to  b id  was  within  the  property  of  2 churches  at  the  top  of  the  mountain  (29OO- 

2920  m. ).  ’ ^hc  church  grounds  were  sacred,  and  hence  out-of-bounds,  but  we  were  per- 
mitted to  t j lately  along  some  of  tlie  garden-walls  and  buildings,  where  we  found  a 

remarkable  but  . relict  fauna  of  murines,  a shrew,  and  fleas.  Although  we  were  at  first 
welcomed  on  the  military  grounds,  wc  were  summarily  banned  therefrom. 

c , Mammals  Collected 

1 ) Introduction 

a)  A total  of  493  rummals  were  collected,  examined  .-rid  presorved  tli!.<;  year, 
as  shown  In  Table  2,  bringing  the  total  to  1113.  reprcscul I ng  at  least  30  species. 
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DESIG- 

NATION 


AKEA  AND  HABITAT 


. ADDIS  ABABA.  2500-2‘i00m.  elcv. 


1.  Buildings  In  City.  (Hoincs,  Coffee-Shop 


2.  Dwellings  In  Makanlssa,  a Suburb  in  SH  Addle  Ababa 


3.  Makanlssa  Dairy  Barn  and  Adjacent  Buildings 


4.  Scattered  Huts  of  Puroc  Village,  3 km.  S of  Hakanlsca 


. Agricultural  Fields  of  Puree  Vllln.’.c  


6.  Makanlssa  Suburban  Fields  and  Strcamsldcs 


8°3'j'n,  39°06'e)  100  km.  SW  of  Addis,  lAHOni 


Buildings  Aloiig  Main  Road  and  Street) 


2.  Acacia  Groves  ‘i  km.  S of  Kok;i  Town 


3.  Scattered  Huts  in  Groves  0 km.  S of  Koka  Town 


ADDIS  ABABA 


ADDIS 

Town,  Houses 


ADDIS 

Suburbs.  Houses 


ADDIS 

Suburbs.  Fields 


KOKA 

Town.  Houses 


III. 2 


‘ III. 3 


1.  Bui  Id  inn:;  In  Town 


2.  Along  Plateau  b.v  Edge  of  Escari':  loiit 


3.  Along  Bluffs  of  EEcari':'ien 


Huts  In  Groves 


LKHI 


IJiMI 

Town.  Houses 


°02'n,  38°3'j*E)  30  km.  W of  Addl 


1.  Buildings  of 


2.  In  Forest  Itomnants  etc.  on  Mt.  Mcnagesha.  28')0m 


3.  Fields  near  St.  Mai'v  Village.  2900m. 


‘’49 'e)  110  km.  ME  of  Addl 


MEIJAGE.SHA 


HEMAGKSHA 

Ho\iscs 


Mlif.’AOESHA 

Field 


1.  Ovcrgrar.od  Hocky  Mountain  Slope 

AUKOBEd 

VI.  MOUNT  CHTOTO.  2-4  km,  N of  Addl: 

n.  2600-;''>20m, 

INTOTO 

2600!;!. 

1,  Domiciles  In  Intoto  KodanI  Hohret  Vlllag.e.  2km. M of  Addis.  1 

INTOTO 

K.M.  Domiciles 

Vt.2 

TABI.i 


2.  Cliurcli-yardc , Vicinity  Inloto  Maryam.  4km. N.  of  Addlj;.  l.’OOOm.  Yardi. 

' ■”  " Tmtoto" 

3.  Domic  lies In  ThI.qIq  Mai'..aiii.  29iK)in.  Dcralcilos 

1.  fuiVWJ  AMD  llAiUTATS  STUDlr'D  XI  liU.a'i.'E  VVl'II'.i:  .•  \ , .'in,''  r;'.  1.. 
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MO.  PltOCK'SED 
JVY6 


Bil 


Crocldura  sp.  A (Shi-ew) 

Croc  I dura  sp.  B 

Crocldura  sp.  C 

Nyctcrls  thebalca  (Bat)  

Laephotls  wlntonl  (Bat)  

Pi-ocavla  catiensls  (Hyrax) 

Tachyoryctes  splciideiis  (Mole-i-at)  

Graphlurus  murlnus  (Dormouse)  

Tatera  robusta  (Gcrbll)  

Acomys  sp.  ? (Spiny  Mouse)  

Arvtcanthts  abysstnlcus  ( Grass  Bat ) ) 

ArvlcanthLs  dcnbeciisls  (Grass  Hat) ) 

Dendromus  lovatl  ( Tree  Mouse ) 

Dendromus  sp.  ? 

Desmomys  harri nntonl  ( Gi'oove-toothed  Hal) 

Lophuromys  flavopunctatus  (lied-belllcd  House) 

Mastomys  natalens Is  (Multi matnmate  Rat) 

Hurtculus  linberbls  ( SliM pe-backed  House) 

Hus  (H. ) imisculus  (House  Mouse) 

Hus  ( Lengada ) sp.  (Mouse)  

Praomys  albl pos  (Soft -furred  Hat)  

Praomys  fuinatus 


Hattus  (R. ) rattus  (Connensal  Hat)  

Stciioccphale'.iys  albocaudata  (Ethiopian  tlurrow-hcadcd  Hat)  . . 

Otomys  typiis  ( Swa;iip  Rat ) 

Lepus  capens Is  (Cape  Uarc) 

Herpestes  Ictuicumon  { Mongoose ) 

Cenetta  tlr.rlna  (Genet) 

Ictoiiyx  strlatus  (Skunk) 

TOTALS 


TABLE  2.  Lr.ST  01-’  lUMMALS  COLLECTED  IN  ETiirOPIA,  1976-1977. 

Of  these .#10-A26  ai-c  murids.  Some  of  the.-.e  Iheraphlons  (snail  mammals)  r.ay  be  new  to  Science, 
at  least  at  the  subspecies  level.  Notably,  some  of  the  most  coimnon  murlr.ee  are  extremely  dif- 
ficult for  even  the  opeclallr-t  to  Identify  because  of  Inadequate  knowledge  about  the  classifi- 
cation of  rats.  Genera  like  Arvlcaiithls.  rrao’iiys , Mastomys , Desmonys  and  Hus  In  particular  atv 
In  need  of  review,  and  our  specimens  are  of  value  as  muroum  malcrlal  for  that  reason.  Even  Ihe 
status  of  Rattus  rattus  In  Ethiopia  Is  In  doubt  for  there  ai’c  P.  distinct  forms  of  the  rals  oc- 
curring together  in  bulldltigs  - a whlte-belllrd  one  and  a dark-bclll cd  one.  and  there  is  Con- 
troversy as  to  whclher  these  represent  different,  subspecies,  or  even  species,  or  If  lhe>  .'Uf 
color  varieties  of  a single  taxon  of  rat,  which  vary  cons Istenl  ly  In  oilier  features  as  well. 

2 ) Notes  on  Important  Mammals 

a)  The  relevant  distribution  of  tlic  i«i,|oi’  r.i<ecles  of  rodents  Involved  In  our 
study  Is  Indicated  In  Tables  'j,  6 and  H below,  and  the  differences  exliiblU-d  .are  obvlonsl,.  im- 
portant factors  In  the  ecology  of  murine  typlms  and  probably  spotted  fever  as  well.  Tli's  year 
we  concentrated  on  Hattus  because  the  evldenec  to  da‘e  clearly  Indicated  ttiai  th'i  laxo.  Is  t lie 
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most  critical  mairnallaii  factor  In  the  ecology  of  rairlne  typhus  In  Ethiopia.  This  ental  led  Intensive 
trapping  In  domiciles,  which  meant  we  would  be  getting  very  few  Indigenous  nanmale.  Another 
reason  for  the  lessened  number  of  species  and  Individuals  of  theraphlons  collected  In  1977  was 
that  the  Ethiopian  Oovemment  suddenly  prohibited  us  from  working  outside  of  Addis.  Intoto  was 
technically  within  the  limits  of  Addis,  or  so  we  argued.  Some  of  the  mrlds  and  rodents  taken 
are  considered  briefly  below. 

b)  Rattus.  The  most  striking  and  significant  point  Is  that  Rattus  has  a very 
llmlted  distribution,  and  was  collected  only  In  or  near  Addis  Ababa  and  at  Koka.  Further, 
within  those  areas,  virtually  all  the  Rattus  were  taken  only  In  buildings,  the  single  excep- 
tion in  both  1973  and  197^  was  one  rat  In  the  Koka  groves  (Habitat  II. 2 on  Table  1).  We  have 
collected  several  thousand  murines  In  the  fields  around  Koka,  Addis  and  elsewhere  In  Ethiopia 
since  1973  and  have  never  trapped  rats  away  from  the  walls  of  a building  on  any  other  occa- 
sions, even  when  there  was  heavy  vegetative  cover  a few  feet  distant.  However,  since  Rattus 
rattus  occurs  In  huts  scattered  in  the  fields  of  Koka  (II. 3)  and  suburbs  of  Addis  (1.4).  it 
seems  likely  that  some  Individuals  of  this  Introduced  species  of  rat  nay  penetrate  such  dwel- 
lings after  traversing  agricultural  or  pastoral  areas  en  route  from  nearby  towns  along  the 
main  roads,  although  many  must  be  brought  into  huts  along  with  man's  effects.  In  the  huts  In 
the  middle  of  the  fields  of  Koka  atid  Addis  suburbs,  the  Rattus  cliaracterlstlcally  lived  In  the 
roofs  and  were  most  readily  trapped  on  high  shelves.  The  ground  level  of  the  huts  In  the  Koka 
fields  were  Infested  with  Hastomys  and  Arvlcanthls.  and  the  buildings  were  so  poorly  constructed 
that  runways  of  the  nurlnes  could  be  readily  discerned  entering  and  leaving  dwellings,  with 
burrow-openings  Indoors. 

c)  Wc  previously  reported  that,  to  our  surprise,  we  failed  to  collect  Rattus 
In  domiciles  and  buildings  of  Metiagesha  (Area  IV),  which  not  only  Is  merely  30  kn.  from  Addis, 
but  the  village  in  question  is  within  1 km,  of  the  main  road  north  from  the  caplt.il.  These 
rats  were  also  apparently  absent  from  Leml  (III),  which  Is  about  40  km.  from  the  main  road. 

These  findings  suggest  that  Rattus  Is  a recent  entry  Into  Ethiopia  and  that  these  rats  liave 
not  yet  had  time  to  establish  themselves  in  the  fields  and  In  domiciles  removed  from  the  main 
routes  of  commerce.  It  may  be  argued  that  their  restricted  range  in  Ethiopia  is  due  to  cli- 
mate, l.e,  Addis,  at  25OO  m,  elev..  Is  definitely  cold  at  night  tlu'oughout  the  year,  and  hence 
the  Rattus  live  only  indoors,  where  It  Is  warmer,  even  In  dwellings  of  poor  people.  The  im- 
pact of  this  argument  Is  heightened  by  the  absence  of  Rattus  at  Ankober  (V),  where  It  is  near 
or  below  freezing  at  night.  Temperature  no  doubt  Is  an  Important  factor  affectliig  the  distri- 
bution of  Rattus  rattus.  but  It  alone  could  not  explain  the  absence  of  Rattus  In  the  fields  of 
Koka,  In  the  Rift  Valley,  where  the  daytime  temperature  reaches  100°  P.  and  that  at  night  Is 
mildly  temperate.  Aridity  must  be  considered  as  a limiting  factor  for  Rattus  In  the  Rift  Valley, 
for  murids  In  general  (but  with  marked  exceptions)  and  Rattus  In  particular  arc  r3i*c  or  absent 

In  xerlc  areas.  However,  our  study  site  was  along  the  shores  of  a lake,  and  some  of  the  fields 
were  Irrigated,  and  besides,  there  Is  a definite  rainy  season  of  weeks  or  months  In  the  area. 

The  factors  of  temper'.ture  and  humidity  could  not  satisfactorily  explain  the  absence  of  Rattus 
In  the  field  and  buildings  at  Leml  and  Mciiagesha,  especially  when  one  considers  that  Rattus  Is 
abundant  In  the  agricultural  and  other  outdoor  areas  of  Kenya  etc.  (Helsch  et  al.,  1962;  Helsch, 
1969)*  However,  as  reported  by  Hopkins  In  1949,  Rattus  was  "hardly  ever  encountered  In  Uganda 
outside  buildings"  (p.  39)  the  5 exceptions  encountered  In  the  ^~year  study  (1929-1934)  woi’c 
In  close  proximity  to  buildings,  suggesting  the  c^irrent  situation  In  Ethiopia.  Hopkins  also 
mentioned  that  while  Hastomys  ("Rattus  concha")  co-cxlsied  with  Rattus  rattus  In  some  huts  and 
ai'cas,  tlie  latter  eventually  ousted  the  Haslomys  completely  fi’om  buildings.  He  regarded  Rattus 
as  having  penetrated  up-country  Uganda  after  having  entci'cd  In  the  early  20th  century  via  sea- 
ports, although  Sohvjarz  (1939)  claimed  the  route  of  entry  was  overland  from  the  Nile  Valley, 

Helsch  et  al,  (1953)  reported  similar  findings  for  Hat!  us  Iti  Kenya,  stating  that  this  species 
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was  restricted  to  buildings  or  In  the  ImnicUlate  vicinity  tliereof  and  was  not  found  In  tt>e  fields. 

In  that  country  Rattus  was  found  In  burrows  In  the  earth  floor,  and  not  In  tlie  roofs. 

d)  As  mentioned  above.  In  1977  made  the  Important  observation  that  Just  U 
km.  from  Addis,  on  Mt.  Intoto,  there  apparently  were  no  rats  In  the  villages  at  29OO  m.  (Intolo 
Maryan),  but  lower  down,  at  2400  m.  (Intoto  Kedanl  Mehrat),  merely  2 kn.  from  Addis,  there  were 
Rattus  In  tl»e  huts,  together  with  native  murines  like  Praonys . Deswomys  and  Lophuronys.  The 
absence  of  Rattus  at  the  hlglier  elevation,  where  these  sane  Indigenous  murines  were  connon, 
along  with  an  occasional  Mus  suggest  to  us  that  cold  temperature  Is  Indeed  the  limiting  factor 
for  Rattus  In  the  Ethiopian  highlands.  These  points  about  the  distribution,  peregrinations  and 
length  of  Intiabltatlon  of  Ethiopia  ai*c  all  of  epidemiological  significance,  for  as  Indicated 
below,  the  evidence  Is  that  Rattus  Is  the  critical  factor  In  the  ecology  of  the  Infection,  at 
least  In  that  country. 

e)  House  Mice.  Hus  (H. ) musculus  and  the  Subgenus  Lcggada.  Since  M^  muse jlus 
has  been  Implicated  In  the  epldemlolo^  of  murine  typhus  In  eastern  Euroi>e  (Petrov,  1940), 

China  (Liu  & Zla,  1940,  1941),  Texas  (Keaton  et  al.,  1933)  and,  on  tticoretlcal  but  logical, 
grounds  In  Australia  (Derrick  & Pope,  i960),  they  arc  relevant  to  our  program  In  Ethiopia. 

House  mice  occur  In  the  Addis  area,  and  may  be  commoti  In  houses  there  and  elsewhere,  but  since 
we  have  had  to  concentrate  ot>  Rattus  and  rat-slzcd  murines  in  Addis  town  and  suburbs,  tlie  llvc- 

tiTaps  employed  have  been  too  large  to  collect  adequate  numbers  of  house-mice  to  provide  optimal  1 

Information  about  the  Incidence  and  distribution  of  Infection  with  R^  mooserl , etc.  He  know  | 

that  Mus  does  occur  as  high  as  29OO  m. , at  Intoto  Maryam,  although  it  Is  appaivntly  scarce  there. 

Small  traps,  used  for  Praomys  and  hence  suitable  for  Mus  produced  80  of  the  former  but  only  1 
of  the  latter.  Unquestionably,  Hus  of  the  subgenus  Lcggada  are  common  In  all  ttie  liabltats  sur- 
veyed outdoors  thus  far,  at  least  where  there  Is  a modicum  of  vegetative  cover. 

f)  Arvlcanthls  ("Crass  Rats").  Native  rats  of  the  murine  genus  Arvlcanthls 
are  of  special  Interest  to  us  since  we  believe  that  the  true  and  original  host  of  X.  clicopls 
must  be  an  Arvlcanthls  In  the  lower  elevations  of  northern  AfiMca,  and  since  that  species  of 
flea  Is  extremely  prevalent  on  grass  rats  in  the  dry  season  In  the  Rift  Valley.  Further,  In 
1975  and  *76  we  reported  natural  Infection  with  rlckettsl.ne  of  the  spotted  fever  group  In  Arvl- 
canthls at  Koka,  and  In  their  ticks.  Apparently  we  have  collected  at  least  three  species  of 
Arvlcanthls,  but  they  have  not  yet  been  precisely  Identified.  All  were  diurnal  and  highly  abun- 
dant within  their  particular  habitats,  and  presuinably  dominant  therein.  One  specimen  was  col- 
lected at  Koka;  another  In  the  fields  near  Addis;  at  least  one  at  the  Ankober  site.  Arvlcan- 

thls  were  plentiful  at  Leml,  Menagesha,  and  at  Intoto,  and  there  may  be  more  than  one  species  ' 

Involved.  In  the  literature,  and  In  earlier  collections,  "Arvlcanthls"  may  have  been  confused 
with  "Pesiiiomys" . Arvlcanthls  was  cosimoniy  observed  Iti  huts  scattei’cd  in  the  fluids  of  Koka. 

Similar  habits  were  noted  for  this  genus  In  Uganda  (Hopkins,  1949)  and  Konya  (H,  Hoogstraal,  ■\ 

In  lltt.). 

g)  Other  Native  Murines.  The  multlmammate  rat,  Hastonys  na talons  Is  was  plenti- 
ful at  Koka  and  In  the  suburbs  of  Addis  as  well  as  at  Ix!inl  and  Henagesha.  We  did  not  collect 

It  at  Intoto,  and  believe  It  Is  too  cold  there  for  this  species.  At  Koka  Mastomys  occupied  the 
same  runs  as  Arvlcanthls . but  was  primarily  nocturnal.  This  I'at  ts  considered  to  be  a comnunsal 
species,  as  well  as  a field  rat.  In  many  parts  of  Africa,  and  such  trait  has  been  observed  tn 
our  Ethiopian  studies  at  Leml  and  Menagesha,  The  same  was  found  to  be  true  for  Praom^ s alblpes 
In  those  two  areas,  and  at  both  Intoto  sites,  where  it  was  the  predominant  rat  In  domiciles. 

In  fact.  In  those  sites,  and  in  the  huts  In  the  Koka  fields,  the  local  people  complaliied  bitterly 
about  depredations  and  Incursions  of  these  native  I’ats  ( Fi‘aomys  at  the  higher  elevations.  Hast o- 
mys  at  Koka),  and  claimed  they  wore  often  bitten  or  had  their  hair  licked  by  rats  while  In  bed. 

Another  Indigenous  murine  which  proved  capable  of  living  In  buildings  when  given  the  opportunity 
was  Desmomys , at  Leml,  Henagesha  and  both  Intoto  villages,  Cpoclos  of  I.ophuromis  are  found  In 
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many  parts  of  Africa,  and  prior  to  this  year  wc  had  encountered  the  ccnus  In  Ethiopia  only  In 
the  mountains.  Finding  It  at  Leril,  where  the  elevation  Is  lower  thar.  at  Addis  was  therefoi*e 
unexpected,  but  It  may  be  that  the  main  criterion  for  Its  presence  Is  rocky  terrain.  It  was 
present  In  the  huts  on  Intoto  (both  villages)  and  was  abundant  In  there  gardens  at  2900n.  here. 


I 


As  at  Ankober,  IiOphuror.ys  was  active  on  Intoto  during  the  daytime  as  well  as  at  night  (like 
Otomys,  which  we  had  trapped  at  Ankober  and  Intoto  Maryam).  Stenocephalenys  was  also  taken  at 
the  top  of  Intoto,  and  must  be  a high  montane  form. 

h)  Other  Theraphlons.  This  year  we  did  not  trap  Intensively  In  the  outdoor 
habitat  In  which  gerblls  occurred,  l.e.  at  Koka.  The  rhlzomyld.  burrowing,  mole-rat  Tachyo- 
ryctes  splendens  which  was  common  In  the  Menagesha  area,  was  collected  In  the  flat  parts  of 
Intoto  at  2900m.  A large,  commensal  Crocldura  was  collected  In  huts  In  the  Koka  groves  (II. 2), 
as  at  Leml  (III.l)  previously.  This  Is  probably  the  shrew  reported  as  Suncus  previously  be- 
cause of  Its  unusual  size  and  Is  of  special  Interest  because  In  197^  some  of  Its  ticks,  at 
Koka,  were  naturally  Infected  with  rlckettslae  of  the  spotted  fever  group, 
d.  Ectoparasites 
1)  Fleas 

a)  Xenopsylla.  (1)  According  to  the  consensus  of  Informed  opinion,  X.  cheopls 
Is  supposed  to  be  the  most  Important  vector  of  murine  typhus,  and  It  Is  therefore  especially 
notable  that  wherever  we  collected  this  species.  It  was  accompanied  (on  Rattus , Haotomys  etc.) 
and  often  outnumbered  by  a sibling  species,  bantorum.  even  In  Addis  town,  nothing  was 
known  about  the  possible  role  of  this  latter  species  In  the  ecology  of  murine  typhus,  but  as 
noted  below.  Its  rate  of  natui'al  infection  with  R_^  mooserl  Is  comparable  to  that  of  X. cheopl s. 
Both  species  occurred  In  the  absence  of  Rattus,  and  In  fact  were  much  more  common  on  the  na- 
tive hosts  than  on  Rattus.  This  Is  shown  In  Table  3,  which  deals  with  tlic  "index",  the  aver- 
age number  of  fleas  per  individual  host  In  the  various  study  areas. 

(TABLE  3 ABOUT  HERE) 

(2)  In  Addis  Ababa,  the  X.  chcopls  index  on  Rattus  In  1977  was  0,3,  the  same 
as  last  year,  but  that  for  Xj^  bantorum  vias  more  than  double  that  for  2C_^  cheopl  s and  also  much 
higher  than  that  in  I976.  In  tlie  suburbs  the  itidex  for  each  species  was  twice  as  high  as  In 
town  In  1977.  even  that  meant  the  average  per  Rattus  rat  was  well  below  1.  In  Koka,  how- 
ever, the  Xenopsylla  Index  was  very  much  lower  In  1977  tban  In  1S'{C,  Thus,  the  figures  show  a 
13-fold  or  greater  reduction  for  each  species  on  Rattus  In  town,  and  a 4-10-fold  reduction  on 
field  rodents  such  as  Hastomys  and  Arvlcanthls  which  we  believe  arc  tlie  native  hosts  for  X. 
bantorum  and  ^ cheopls  respectively.  This  marked  drop  In  numbers  at  Koka  Is  ascribed  to  the 
late  occurrence  of  the  rainy  season  in  the  area.  It  will  be  recalled  that  the  populations  of 
Xenopsylla  there  are  100  tines  greater  in  the  dry  season  than  at  the  height  of  the  rains  and 
Immediately  thereafter.  V/e  had  reported  on  such  seasonal  changes  In  Malaya  and  Pakistan  (Traub, 
I972D),  although  such  variations  had  not  been  noted  In  the  literature  on  plague.  The  heavy 
recent  rains  at  Koka  had  resulted  In  flooding  of  the  Acacia  groves  and  most  of  the  Arvlcanthls 
and  other  rodents  there  had  apparently  cither  drowned  or  fled,  since  they  were  remarkably  un- 
common instead  of  visibly  swarming,  as  In  the  past. 

(3)  At  Intoto,  X.  cheopls  and  X.  bantorum  on  Rattus  \/ore  more  common  than 

in  the  other  areas  mentioned  above,  but  It  Is  stressed  that  these  rats  were  only  found  Indoors 
and  at  the  lower  village  only.  These  fleas,  ho\;ever,  also  occurred  on  native  murines  at  Intoto 
(Table  4)  and  actually  ranged  as  lUgh  as  2900  m, , both  on  Praornys  and  Desmomys  In  houses  and 
even  on  Lophuromys  outdoors,  with  an  Index  comparable  to  that  observed  for  Rattus  In  Addis. 
Xenopsylla  seems  to  bo  near  the  limit  of  Its  range  in  the  cold  weather  outdooi’S  on  Intoto,  as 
suggested  both  by  Its  low  Index  wlien  found  and  Its  absence  on  outdoor  hosts  like  .Hcnoccphalc- 
mys , Otomys , etc.  Much  of  the  rest  of  the  Addis  area  Is  at  the  same  elevation  as  Intoto,  and 
we  remarked  last  year  on  the  extreme  dearth  of  2L:.  £!1££11LH.  uld-r.idenl s there.  In  197^  we 
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TABLE  5 


XEiIOPSYLLA  Cti>:01‘XS  AND  3^  DAHfOHUM  IN  VARIOUfl  AREAS  AND  HABITATS  IK 
E'niIOPIA.  THE  "niDEX"  ON  HATTUS,  HASTOMYS  AND  OTHER  MAJOR  HOSTS. 

(1976-1977) 


Number!;  "Plea  Index"  = averace  liunber  of  fleas  per  Individual  hos^t. 
R = Host  or  flea  rare.  + = Index  less  tiiaii  0.1.  P!  » Host  present 
and  ni.ay  be  coimnon.  X = Host  not  collected.  0 = Plea  not  collec  ed. 
(?)  = No  data  but  believed  iire.sent. 
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PRAOHYS 

ALBIPES 

(W7) 

DESMOMYS 

HAHRTNQTONI 

tij/  y)  . 

LOPHUROMYS 

FLA  VO - 

PUHCTATOS 
. (1.21?) 

STENO- 

CT,PHAI.EMYS 

(1977) 

OTOMYS  & 

"ACIWORYCTES 

(19(7) 

TATERA 

R0KJ3TA 

(1976) 

I.  ADDIS  ABABA  AREA 

A.  ANY  BUILDINOS 

X 

X 

X 

X 

X 

X 

XENOPSYLLA 

B.  FIELDS 

X 

X 

X 

X 

X 

R 

XENOPSYLLA 

II.  KOKA 

A.  ANY  BUILDINOS 

X 

X 

X 

X 

X 

X 

XENOPSYLLA 

B.  ACACIA  GROVES 

X 

X 

X 

X 

X 

X.  NILOTICA  only 

10.0 

III.  Wr.  INTOTO 

A.  I.K.  MEHRET .HOUSES 

X 

X 

X 

X.  CHEOPIS 

0.31 

0 

0 

X.  BANTORUM 

0.22 

0 

0 

B.  I.  MARYAH.HOUSES 

X 

X 

X 

X.  CHEOPIS 

0.19 

0.1 

0 

X.  BANTORUM 

0.18 

0.2 

0.2 

C.  I.  MARYAM.  OUTDOORS 

X 

X.  CHEOPIS 

+ 

0 

0 

0 

0 

X.  BANTORUM 

+ 

0 

0.2 

0 

0 

TABLE  4.  XEMOPSYLIA  ClUiOPIS  AUD  ^ BAllTOHUH  IN  VAKIOUS  AREAS  AliD  HABITATS  IN 
ETHIOPIA.  THE  INDEX  ON  PHAOHYS.  DESMOMYS  AND  CERTAIN  OTHER  HOSTS 

(1976  or  1977) 

Numbers  = "Flea  Index"  = average  number  of  fleas  per  Individual  host, 
R = Host  or  flea  rare.  + a Index  less  than  0.1.  X ” Host  not  col- 
lected. 0 a Plea  not  collected. 
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also  pointed  out  that  both  of  those  Xenopsylla  wei-e  found  on  native  murliics  In  houses  at  Lenl 
and  Henagesha,  In  the  absence  of  Rattus.  and  were  Eiore  coocton  there  than  on  Addis  Rattus.  t.'ota- 
bly.  In  those  two  areas,  cheopls  and  ^ bantorun  were  far  nore  abundant  on  donlclllary  nurl- 
ries  than  on  the  field-rodents  (which  Included  tl»e  same  Bi<ecles  of  Praor.ys . Desaonys  etc.).  In 
general,  then,  the  data  suggest  that  In  the  highlands  present  rigorous  conditions  for  survival 
of  both  Rattus  and  Xenopsylla.  This  Is  borne  out  by  failure  to  collect  either  this  host  or 
genus  of  flea  In  1975  Ih  the  frigid  dines  of  Ankober. 

(4)  The  low  Indices  of  3^  cheopls  and  X_j_  bantorun  on  Rattus  In  the  Addis  area 
warrant  cocnent,  and  further  study.  Since  many  of  the  rats  In  Addis  town,  and  particularly  In 
the  suburbs,  lacked  Xenopsylla  altogether,  while  an  occasional  one  had  9-10  such  fleas,  It 
might  be  thought  that  the  collecting  techniques  account  for  tlic  discrepancies.  This  Is  unlikely, 
however,  because  1)  these  sar.e  rats  had  an  over-all  Index  of  7-5-9  fo*"  sck.nls.  2)  Kaston:.3 
and  Arvlcanthls.  and  even  Rattus  collected  elsewhere  had  substantially  hlglier  Indices,  as  Indi- 
cated above.  It  Is  possible  tluit  Xenopsylla  tend  to  leave  the  hosts  readily  when  the  ar.lnals 
become  agitated  in  the  traps,  and  that  the  occasional  Rattus  with  a large  number  of  Xer.opsylla 
had  been  freshly  trapped,  but  the  sane  factor  should  apply  elsewhere  and  can  only  be  of  rela- 
tive importance.  There  Is  also  a dearth  of  species  of  Xenops.lla  In  the  Ethiopian  highlands, 
and  not  only  of  numbers  of  Individuals.  Xj_  cheopls  and  3^  bantonim  are  the  only  species  col- 
lected at  the  sites  above  2300  m.  in  elevation,  although  a third  species  3^  nllotlca,  associa- 
ted with  Tatera  at  Koka,  probably  occurs,  together  with  that  host.  In  certain  habitats  at  the 
level  of  Addis.  Lou  temperatures,  then,  seem  to  be  a major  factor,  to  which  must  also  be  added 
the  prolonged  period  (6  months)  of  heavy  rains  characteristic  of  the  area. 

(5)  The  Importance  of  highly  localized  condltioiis  as  affecting  the  abundance 
of  fleas,  and  in  skewing  a figure  like  the  flca-lndex.  Is  shown  by  the  data  on  2 Creel d'jra  from 
a particular  native  hut  In  the  fields  of  Koka.  These  shreua  luid  an  index  of  20  and  25  I'.eno- 
psylla  respectively,  with  3^  bantorum  slightly  outnumbering  Xj_  cheopls.  In  an  area  and  at  a 
time  when  the  Index  of  these  fleas  on  their  true  hosts  outdoors  was  orily  between  1 and  9" 
Crocldura  Is  not  an  especially  good  host  for  Xenopsylla.  (l.c.  the  3^  cheopi s liidox  in  I976 
was  the  same  as  that  on  Hastomys  In  huts  and  I/20  that  of  such  Arvlcanthls ) so  the  difference 
In  numbers  Is  probably  due  to  environmental  factors  In  the  breeding-sites  of  the  fleas. 

b)  Lcptopsylla.  (1)  The  so-called  housc-r.ousc  flea,  L,  scgnls  occurs  on  rats 
In  various  parts  of  the  world,  and  may.  Indeed,  turn  out  to  be  a characteristic  flea  of  Rattus 
rattus.  In  Ethiopia,  wherever  this  species  occurred.  It  was  far  more  prevalent  on  Rattus  than 
were  either  species  of  Xenopsylla,  as  can  be  seen  by  comparing  Table  9 (on  Lcptopsylla)  with 
Table  3.  Moreover,  L.  scgnls  Is  virtually  restricted  to  Rattus,  even  when  there  are  other 
murines  coexisting  in  tlie  domiciles  (Tabic  9 ai.J  6).  Tliosc  nay  be  important  points  In  the 
ecology  of  murine  typhus,  and  are  discussed  furtlier  here  (a!id  below,  vide  p.  33  of  this  Report). 

(2)  The  specificity  of  sognls  is  striking.  Virtually  all  tlie  records  are 
from  Rattus  or  Hus  musculus , the  only  exceptions  being  an  occasional  specli.ien  from  Fra omys  liv- 
ing In  the  same  house,  and  even  here  the  infestation  rate  was  not  more  than  1 flea  on  10  Prao- 
mys,  whereas  the  average  rat  in  the  house  carried  7.2  ^ scynls.  In  the  Addis  suburbs,  the  In- 
dex on  Rattus  was  9 some  individuals  were  Infested  wlfcii  42,  or  even  52  scfP'ls,  Such 
high  Infestations  of  course  skew  the  Index,  but  this  Is  somei/liat  balanced  by  the  fact  that  fleas 
tend  to  leave  a rat  that  Is  agitated  and  hyperactive  in  a trap  for  hours  before  be’i:g  caught. 

Rats  examined  shortly  after  being  trapi'ed  tend  to  have  much  higher  Indices  than  those  over- 
night In  a trap.  L^  segnl s Is  essentially  a sessile  flea,  remaining  hooked  onto  the  hairs  of 
the  host  by  special  splnlforms  on  the  frontal  margin  of  the  head  of  the  flea,  concentrated  In 
a group  on  the  muzzle  or  crown  of  the  i-at  (fraub#*,  1977).  This  Is  best  observed  In  freshly- 
caught  hosts,  whereas  the  fleas  tend  to  he  loose  and  scattered  on  excited  rats,  an  observation 
that  supports  the  above  contention. 
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(3)  Other  Important  points  about  ^ ser.nls  are  that  1)  it  was  never  collected 
at  Koka  (presumably  because  It  is  too  hot  and  arid  there);  2)  It  was  Y-30  tines  as  abuf<dant  as 
Xenops^lla  on  rats  where  the  two  taxa  co-exlst.  and  3)  while  see'n', s has  beeri  found  by  us  In 
areas  where  Rattus  was  not  collected,  this  has  only  been  in  foci  where  Hus  wusculus  occurred, 
e.g.  Intoto  Maryam,  The  potential  epidemiological  significance  of  these  sundry  observations 
is  discussed  below  (Report  p.  33;  Application  p.  66). 

(4)  aethloplca  is  a characteristic  parasite  on  Hus  ( Lcggada)  and  Insofar 
as  our  own  observations  are  concerned,  has  been  taken  on  that  species  whenever  It  occurs.  Since 
( Leggada ) has  been  trapped  In  every  area  under  study,  this  means  that  I^_  aethloplca  Is  equally 
widely  distributed,  and  Is  the  only  species  of  flea  that  lias  so  broad  a ra:'.ge.  It  Is  seldom 
collected,  probably  because  It  leaves  Its  host  soon  after  death  or  capture,  but  even  freshly 
caught  Hus  (Leggada)  frequently  lack  fleas.  When  Infested,  the  usual  aethloplca  Index  Is 
about  4.  As  shown  In  Table  5 and  6,  this  species  was  relatively  conunon  on  Praonys  In  domiciles 

(TABLE  5 and  6 ABOUT  HERE) 

on  Mt.  Intoto  and  at  Intoto  Maryam  on  Lophuromys , but  was  seldom  collected  on  the  native  murines 
outdoors.  aethloplca  was  abundant  (an  index  of  4)  on  such  hosts  In  buildings  In  Lend  atid 
Menagesha  In  1976.  In  general.  Indoors  in  the  highlands,  this  species  was  more  common  on 
murines  like  Praomys  and  Hastomys  than  3^  cheopls  and  3^  barttorun  were  on  Rattus.  However,  the 
only  place  where  the  Xenopsylla,  Rattus  and  Praomys , Desmomys  co-extsted  were  In  buildings  at 
Intoto  Kedanl  Mehret.  Here  (and  elsewhere)  the  Rattus  were  never  found  Infested  with  aethl- 
oplca even  if  it  was  present  on  Praomys . There  was  then,  a surprising  lack  of  exchange  of 
"specific"  fleas  like  Leptopsylla  between  Rattus  and  the  native  murlties  even  In  the  same  domi- 
cile. This  is  further  borne  out  by  the  data  on  Indigenous  fleas  like  Ctenophthalimis  n.  sp. , 

Chlastopsylla  n'.  sp.  etc.  which,  as  mentioned  below,  were  common  on  indoor  Praomys , Desmomys 
and  Lo phuromys  on  Intoto.  Only  one  specimen  of  such  a flea  iias  collected  on  Rattus.  In  cpji- 
trast,  catholic  species  like  Xenopsylla  infested  the  native  murines  as  readily  as  Rattus  In 
domiciles  at  I.K,  Mehret,  and  freely  parasitize  Praomys , Desmomys  etc.  In  areas  where  Rattus 
Is  absent.  This  suggests  that  the  barrier  beti.jen  Rattus  arid  the  native  rmarliieo  Indoors  Is 
not  purely  a physical  one  keeping  their  fleas  apart,  such  as  if  the  Rattus  weru  restricted  Lo 
the  roofs,  and  their  fleas  could  only  breed  In  thatch,  etc,  there,  while  the  native  murines 
and  their  fleas  lived  In  burrows  In  the  floor  of  the  huts.  Wc  believe  that  to  a large  degi’oe 
there  Is  little  physical  contact  between  Rattus  and  the  native  murines,  as  mentioned  below 
(Report  p.  33  ; Application  p,  66  ),  but  host-speclf Iclty  and  not  Just  lack  of  opportunity 
plays  an  Important  role  In  minimizing  "exchange"  of  fleas  In  the  huts. 

c)  Ctenophthalmus . (1)  P’leas  of  the  genus  Ctenophthalmxis  are  the  dominant 

members  of  the  rodent  fauna  In  the  Ethiopian  highlands  (i.e.,  all  surveyed  areas  save  Koka). 
both  as  concerns  numbers  of  specimens  and  of  species.  Freshly  caught  hosts  frequently  had  an 
index  of  6-10  Ctenophthalmus.  At  least  10  species  new  to  Science  are  represented  in  the  col- 
lections to  date,  and  these  are  of  great  interest  from  the  aspects  of  taxonomy,  evolution  and 
Zoogeography,  Most  of  the  species  are  fairly  host-specific.  The  zoogeograplilc  Implications 
are  discussed  below  (Report  p.  39;  Application  p.  7?). 

d)  Dlnopsyllus.  (1)  The  Dlnopsyllus  lypusus  complex  has  beon  foutiJ  In  all  ] 

areas  under  study.  lypusus  is  found  throughout  much  of  Africa  south  of  the  .Sahara,  and 

Infesting  a variety  of  hosts,  primarily  murines.  This  species  (under  various  ranes ) Is  of  coi.- 
sequence  as  a vector  of  plague,  at  least  among  rodents  (de  Hellion  et  al.,  I96I ; Pollltser, 

1994).  Although  some  of  the  Ethiopian  native  I’ats  carried  3-4  Dliiopsyl Iiis , In  gcr.ci-al  this 
taxon  was  uncommon  and  had  an  over-all  Index  of  about  0.30.  A few  spec h.cns  of  a new  species 
of  a giant  Dlnopsyllus  were  collected  at  Ankober,  on  .SLenoccphalrnys , In  I'J'f’j,  and  the  high- 
land species  Include  scvei-al  siblings  of  D.  ly!>'isuG  that  arc  new  to  Science.  ^ 


e)  X iphlopsylla.  (1)  This  genus  consists  of  a grc>u)>  of  1 H llc-known  Bj)ccle;; 
In  a distinctive  family.  Throe  new  species  were  collected  from  Olomys  and  .stenoeephale!..,vs  at 
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TABLE  5.  LEPTOPSYI.LA  SEGNIS  AND  1^  AETHIOPICA  IN  VARIOUS  AREAS  AND  HABITATS  IN 
ETHIOPIA.  Tlffi  INDEX  ON  RATTUS.  MASTOMYS,  PRAOHYS  AND  CERTAI!i  OTHER 
HOSTS.  (1976  or  1977) 

Numbers  = "I a.ea  Index"  = average  number  of  fleas  per  Individual  host. 
R = Host  or  flea  rare.  + ^ Index  less  than  0,1.  Host  present 

and  may  be  common.  X = Host  not  collected.  0 » Flea  not  collected. 
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Ankober  In  I975,  and  as  In  the  case  of  the  montane  Ctenophthalmus,  the  affinities  are  with  the 
Xlphlopsylla  from  the  mountains  of  East  Africa.  One  of  these  was  collected  at  Intoto  this  year, 
but  its  present  status  has  not  yet  been  determined. 

f)  Chlastopsylla.  (1)  The  family  to  which  the  genus  Chlastopsylla  belongs  has 
never  heretofore  been  found  north  of  the  Congo  region,  and  the  genus  Chlastopsylla  has  been  re- 
ferred to  as;  "peculiar  to  Southern  Africa"  (de  Melllon  et  al.,  I961)  and  has  never  been  found 
north  of  Rhodesia.  Our  finding  of  2 new  species  of  Chlastopsylla  at  Leml  (and  one  of  these  also 
at  Menagesha)  was  therefore  of  real  Interest,  particularly  since  murines  In  the  houses  were  at 
times  Infested  with  these  fleas.  Some  South  African  Chlastopsylla  are  regarded  as  Intramurld 
vectors  of  plague  but  It  doesn*t  seem  to  be  known  If  the  species  bite  man.  Both  of  these  new 
species  were  collected  at  Intoto  this  year,  and  some  specimens  were  taken  on  native  rodents  In 
huts.  The  fact  that  these  species  are  commonly  found  on  native  rats  In  domiciles  may  prove  to 
be  of  medical  significance. 

g)  Echldnophaga.  (1)  Stlcktlght  fleas  of  the  genus  Echlnophaga  l.e.,  E, 
galllnacea,  have  been  found  naturally  Infected  with  R^  mooserl  and  also  capable  of  experimental 
transmission  of  the  agent  (Brigham,  19^1*  Allcata,  19*12)  but  their  Importance  as  vectors  has 
been  belittled  because  of  the  poor  correlation  betv/een  the  distribution  of  the  flea  and  that  of 
the  hosts  (Cole  & Koepke,  1946).  Rats  In  the  houses  in  Koka  were  again  found  to  be  comonly 
infested  with  many  specimens  of/new  and  hypodermal  species  of  Echldnophaga.  The  species  has 
not  been  encountered  elsewhere,  at  least  thus  far.  In  view  of  Its  host,  habits  and  occurrence 
in  dwellings,  this  Echldnophaga  Is  worthy  of  study. 

h)  Cosmopolitan  or  Introduced  Fleas.  (1)  The  cat-flea,  Ctenocephalldes  fells, 
was  collected  at  Koka  and  Addis  on  such  hosts  as  mongoose,  hare,  dog,  etc.  This  species  is  sus- 
pected as  having  been  a source  of  murine  typhus  Infection  in  Han  (Adams  et  al,,  1970,  Irons  et 
al.,  1944,  1946;  Keaton  et  al.,  1955).  Pulex  Irrltans,  which  usually  infests  large  animals  like 
man  and  pigs,  was  found  on  Rattus  In  Addis,  and  once  9 fleas  were  collected  from  one  host,  an 
unusual  and  potentially  significant  record.  This  flea,  which  readily  bites  man  (as  the  name 
"human  flea"  Implies)  has  never  been  seriously  Investigated  as  a possible  vector  of  murine  ty- 
phus. It  Is  apparently  fairly  common  In  Addis. 

2)  Other  Ectoparasites 

a)  Lice . (1)  Reasons  have  been  advanced  previously  for  the  need  to  study 

lice  as  possible  vectors  of  R_^  mooserl , and  the  findings  reported  then  and  below,  on  natural 
Infection  In  Ethiopian  lice  from  Rattus  (Rept.  p.27  , Appl.  p.  60  ) emphasize  this  point. 

Two  species  of  lice,  namely  Polyplax  splnulosa  and  Hoplopleura  oenomydls  have  been  found  on 
Addis  Rattus , but  generally  diligent  search  of  the  hosts  Is  necessary  to  discover  them,  and 
data  are  yet  unavailable  on  their  relative  or  absolute  numbers,  although  P_^  splnulosa  seem  to 
outnumber  H.  oenomydls  In  our  collections.  Identifications  of  the  lice  collected  on  other 
murines  have  not  yet  been  completed, 

b)  Chlggers.  (1)  In  certain  areas  and  seasons,  It  Is  easy  to  collect  chlggers 
(tromblculld  mites)  because  they  occur  In  large  patches  on  the  ears  or  other  parts  of  the  body 
of  the  host.  Under  other  circumstances,  diligent  search.  Individual  handling  or  special  tech- 
niques are  required  to  collect  them.  During  our  field-work  in  Ethiopia,  collecting  chlggers 
was  In  the  latter  category,  and  because  of  the  tremedous  work-load  of  other  duties,  It  was  Im- 
possible to  do  the  Job  properly.  Nevertheless,  the  material  we  have  collected  has  proven  to 

be  of  great  Interest  and  suggests  that  serious  attention  should  be  paid  to  Etliloplan  chlggers 
from  the  points  of  view  of  potential  vectors  of  disease,  taxonomy,  and  zoogeography, 

(2)  In  1975  we  reported  that  for  the  first  time,  an  African  Leptotro?nbldlui:. 
had  been  found  which  Is  related  to  the  vector  of  chlgger-borne  rlckettslosls.  The  Inj)! Icatlons 
of  this  discovery  arc  mentioned  below,  under  "Other  lUclcettslal  Infections"  (Kept.  p,39  Appl. 
P.72  ).  This  Lcptotrombldlum.  a new  species  In  the  subgenus  Loptotrombl dUin,  rcseiablcs  one  we 
had  described  from  the  Himalayas  (L.  Irrcgularo),  and  Is  likewise  a montane  form,  having  been 
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collected  on  a variety  of  murines  at  Ankober.  It  represents  the  f 1 rst  true  Lcptotrombldlum 
(Lcptotrombldlum)  reported  In  Africa.  A second  such  new  member  of  the  subiienus  was  collected 
In  1976,  and  the  list  of  chlggers  taken  by  us  In  Ethiopia  prior  to  the  I977  trip  Is  as  follows; 


Iieptotrombldlum  (Leptotrombtdtum)  n.sp.  #1 
Leptotrombldlum  (Leptotrombldlum)  n.sp.  #2 
Leptotrombldlum  (Hypotronbldlum)  n.sp. 
Leptotrombldlum  (Erlcotrombldlum)  n.sp. 
Mlcrotromblcula  n.sp. 

Hlcrotromblcula  mastomyla 
Mlcrotromblcula  abysslnlca 
Mlcrotromblcula  agnol 


Afracarus  ( Arabacarus ) n.sp. 
Gahrllepla  n.sp. 

Gahrllepta  nan a 
Rudnlcola  knlghtl 
Odontacarus  n.sp. 


Since  no  fewer  than  8 of  the  13  species  listed  are  new  to  Science,  It  is  obvious  that  the  tron-  ! 

blculld  fauna  of  Ethiopia  Is  in  need  of  study.  When  the  particulars  on  the  1977  collections  j 

become  available,  the  list  of  new  and  known  species  will  probably  be  extended.  1 

c)  Ticks.  (1)  It  should  be  noted  that  since  in  this  study  we  are  primarily  1 

dealing  with  rodents,  we  generally  collect  larval  (seed)  ticks,  and  only  occasionally,  nymphs  j 

(which  parasitize  medium-sized  hosts),  and  rarely  adults  (which  Infest  mainly  large  hosts  like  • 

carnivores  and  cattle).  Further,  the  Immature  stages  are  difficult  or  Impossible  to  Identify 

to  species. 

(2)  The  ticks  we  have  collected  thus  far  In  this  project  have  proven  to  be 
of  marked  Interest,  particularly  since  ticks  infected  with  rlckettslae  of  the  spotted  fever  ‘ 

group  were  found  In  several  of  the  study  areas.  This  was  the  case  again  this  year  (Kept.  p.  ; 

28  , Appl.  p.  61  ),  but  the  1977  ticks  have  not  yet  been  identified.  It  Is  stressed  that  some  1 

of  the  ticks  and/or  native  murines  Infected  with  these  rlckettslae  were  actually  collected  In 
the  huts  of  the  native  people,  as  at  Koka  and  Intoto.  An  incredibly  high  proportion  of  the 
rodents  at  Koka  have  evidence  of  Infection  with  spotted  fever  rlckettslae.  Indicating  that  in- 
fected ticks  must  be  common  there.  Having  ticks  and  native  rodents  In  the  homes  must  be  a real 
hazard  to  health  in  many  parts  of  Ethiopia. 

d)  Hesostlgmatld  Hites.  (1)  These  "blood-sucking  mites"  were  present  on  the 

theraphlons  In  all  the  areas  studied,  and  on  most  species,  but  In  general  were  noted  only  In 

small  numbers.  In  1975  we  reported,  on  the  basis  of  the  direct  PA  test,  that  mites  from  a 

shrew  at  Koka  were  Infected  vjlth  rlckettslae  of  the  spotted  fever  group,  and  we  have  similar 
data  this  year  for  4 mites  from  Desmomys  In  a hut  on  Ht.  Intoto,  Despite  their  knoim  and  po- 
tential importance  as  vectors  In  various  parts  of  the  world,  this  group  of  mites  Is  being  ne- 

glected nowadays,  outside  of  the  USSR,  and  thus  far  we  have  been  unable  to  locale  a scientist 

who  is  both  qualified  and  willing  to  Identify  our  Ethiopian  mesostlgmatld  mites,  ' 

e , Serological  Data  on  Murine  Typhus  Infection  in  Rodents 

1)  Evaluation  of  Methodology.  In  197^  we  reported  that  we  had  checked  on  the  i 

validity  of  the  indirect  fluorescent  antibody  (IPA)  tests;  as  per  the  techniques  we  had  devel- 
oped, by  checking  the  samples  with  the  mlcroagglutlnatlon  (MA)  test,  and  had  reported  a virtu- 
ally perfect  correlation  in  the  results.  Wo  then  compared  t!ic  results  of  using  filter  paper 

discs  with  those  obtained  with  sera,  and  made  Independent  checks  In  each  case  with  both  the  MA 
test  and  another  set  employing  a complement  fixation  (CF)  test  using  murine  typhus  specific 
antigens.  As  reported  In  I976,  there  was  a nlgh-pcrfect  correlation.  We  Ihei’cfore  have  full 
confidence  in  the  IPA  test  as  employed  here,  and  Its  seusltlvlly  Is  amply  demonstrated  In  the 
results  cited  below. 

2)  Results  of  the  IPA  Test  for  Murine  Typkus.  a)  Table  7 and  8 show  the  results 
of  the  IPA  tests  for  I^  mooscrl  Infection,  for  rodent  blood,  collected  and  dried  on  filter  paper 

(TABLES  7 and  8 ABOUT  IIEIUI) 
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COMt'EHSAL 


MUS 

MUS  (LEO-  PRAOMYS 
MUSCULUS  OADA)  ALBIPES 


1005?  NO  PARTLY 


SUBTOTALS 


PARTLY  PARTLY 


ADDIS  ABABA 


TOWN.  BLDGS,  >75-76 
TOWN.  BLDGS.  >77 
SUBURBS.  BARN  ‘75-76 
SUBURBS.  BARN  >77 
SUBURBS.  HOMES  >75-76 
SUBURBS.  FIELDS  >75-76 


KOKA 

TOWN.  BLDGS.  >76 
to™.  BLDGS.  >77 
FIELDS  >75-76 


20/41  =495« 
32/51  =63S« 
19/22  =8^ 
22/29  =76^ 
25A7  =53^ 


20A1  “49;1 
32/51  »63J6 
19/22  -86:« 
23/36  =64^ 
25/47  “53;« 


TABLE  7. 


13tJ/733--‘19/ 


RESULTS  OF  733  liiDIRECT  FLUORESCENT  /lNTIBOQY  TESTS  FOR  MURUIE  TYPHUS 
(R,_  HOOSERI ) BJFECTION  FOR  RATTUS.  MS  AN'D  3 OTHER  MURINES  It!  SPECIFIED 
AREAS  AND  HABITATS  IN  ETHIOPIA  (1975-1977) 

Numerator  = Number  positive.  Denominator  = Number  tested.  X “=  Rodent  not 
collected  and  nuay  be  absent,  0 = Rodent  present  but  not  tested.  (?)  « 

Hot  collected,  and  pi'obably  present.  * = Tested  wltli  fluoi'esceln-con jupated 
antiserum  to  Aryl  canbhls  clobultn.  = Ditto  re.  Mastomys. 
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COMMEMSAL 


LOPHUROMYS  STEIJO- 

FLAVJ-  MASTOHYS  OTOMYS  CEPHAL- 
PUfJCTATOS  NATALEHSIS  TYPUS  EOTS 


PARTLY  PARTLY  NO  HO 


0/l32|l'58/a6‘,)’l6r'. 


TABLE  8.  REBULT3  OP  132  INDIRECT  PLUORKCCENT  T1!3T3  POK  tlJUIR'E  TYPIIUI!  EOOCEiU) 
INFECTION  IN  lOPllUROHYS,  MASTOMYS  AND  SOME  NON-COMEU’NSAL  RODENTS  IN 
ETillOPIA,  WITH  TOTALS  FOR  ALL  865  TESTS.  (19Y3-197Y) 

Numeratoi’  = Number  positive.  Denominator  =»  Number  tested,  X = Rodent  not 
collected  and  may  be  absent,  0 Rodent  pi’osent  but  not  tested.  (?)  = 

Not  collected,  and  probably  present.  * = Tested  wtlli  fluoresccln-con.1up.ated 
antiserum  to  Arvlcanthl s Glebulln, 
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for  the  period  1975-76  and  for  1977.  It  is  clear  at  a glance  that  of  the  12  species  of  rodents 
tested,  only  3,  Rattus  rattus,  Hus  musculus  and  Praomys  alblnes,  yielded  positive  results,  atid 
that  of  the  3,  R.  rattus  was  Implicated  to  a far  greater  degree  than  the  otliers.  Thus,  over- 
all, 39,'3  of  the  344  samples  tested  from  Rattus  were  positive.  In  contrast  to  1 of  9 (11J5)  from 

Hus  musculus,  3 of  165  {2ji)  from  Praomys  and  0 of  347  for  the  other  9 species. 

b)  In  the  highlands,  Rattus  were  collected  only  In  the  vicinity  of  Addis  Ababa 

(which  Includes  Ht.  Intoto),  only  indoors,  and  only  at  elevations  below  29OO  m.  (l.e.  from 

2300  m.  to  2600  m, ).  Rattus  presumably  were  absent  at  Leml  and  Henagesha  and  In  domiciles  at 

the  top  of  Ht.  Intoto.  Where  found  in  any  of  these  highland  areas,  and  whenever  tested,  an  im- 
pressively high  percentage  of  Rattus  were  naturally  infected  with  R^^  mooscrl , l.e.  from  to 
86^.  The  maximum  percentages  were  at  the  barn  at  Hakanissa  (76^  and  86^);  the  lowest,  at  Intoto 
Kedani  Hehret.  The  relatively  low  rate  of  infection  in  Rattus  at  Koka  is  noteworthy.  In  this 
area,  in  the  Rift  Valley,  at  1640  m.  elevation,  all  tests  for  the  88  rats  examined  were  nega- 
tive, and  this  includes  80  rats  from  the  buildings  in  town  where  3 of  18  (17/o)  rats  were  in- 
fected last  year.  Since  the  Infected  rats  were  from  a coffee-shop  and  hotel  along  the  main 
road  from  Addis,  the  possibility  exists  that  they  (or  the  source  of  Infection)  had  been  Imported 
but  discussion  of  this  point  is  reserved  until  later  (Rept.  p,  33;  Appl.  p.  66  ).  Further  de- 
tails on  the  rate  of  Infection  in  Rattus  (e.g.  distribution  by  sex  and  age,  etc.)  are  presented  in 
paragraphs  e and  f on  this  page,  after  consideration  of  the  results  with  other  rodents. 

c)  Hus  musculus  and  Hus  ( Leggada ) have  been  Inadequately  sampled.  The  former, 
the  house  mouse,  has  been  collected  only  Indoors,  and  of  the  9 specimens  tested,  1,  at  Makanlssa, 
was  positive.  Last  year  we  reported  negative  results  with  47  Praomys  from  Henagesha  and  Leml, 
and  of  the  II8  samples  tested  In  I977,  all  from  Intoto,  3 were  positive,  viz;  1 of  38  (3SS)  from 
Intoto  Kedani  Hehret  and  2 of  80  (2.5^)  from  I.  Haryam.  Those  tested  were  all  from  Indoois.  Of 
the  other  rodents,  which  were  all  negative,  only  Arvlcanthls  (l84)  and  Haslomys  (86)  were  really 
sampled  adequately, 

d)  It  is  emphasized  that  R^^  r.ooserl  infection  In  rodents  was  noted  only  In 
areas  and  habitats  where  either  Rattus  or  Hus  (or  both)  occurred.  This  is  clear  from  Table  9, 
which  compares  the  results  of  these  two  categories,  and  also  treats  the  data  wliethei'  the  hosts 
were  taken  in  buildings  or  outdoors.  Thus,  of  the  870  rodents  tested  in  the  period  1975-1977. 

576  were  from  hosts  collected  Indoors,  and  294  were  from  field-specimens.  Of  the  522  rodents 
sampled  from  buildings  whei'e  Rattus  and/or  Hus  musculus  were  present,  138  {Z6fj)  were  positive 
for  R_j_  mooseri.  Of  the  I90  Rattus  from  Addis  town  and  suburbs,  60^  were  positive.  Including 
the  unique  Rattus  In  the  Acacia  groves  at  Addis,  a total  of  208  field-rodents  were  examined 
from  the  areas  where  Rattus  were  present,  and  all  were  apparently  free  of  R_^  mooseri  infection. 
There  was  no  evidence  of  R.  mooseri  In  the  86  indoor  nui'ines  and  54  outdoor  Ej)eclnen3  cxaialncd 
from  localities  where  ostensibly  there  were  no  Rattus  or  Hus  musculus.  Thus,  although  2.5J^  of 
the  Praomys  were  positive  In  the  first  category,  all  of  the  47  examined  In  the  second  were 
deemed  negative.  The  table  Incorporates  data  from  I976  at  Leml  and  Henagesha  wliere  there  were 
no  positive  results  reported  from  7I  tests  from  Indoor  Mastonys  (29),  Praom.y s (36)  and  Dosmomys 
(6)  nor  from  13  outdoor  specimens  of  tlie  last  two. 

(TADLIi  9 ABOUT  HERR) 

e)  Table  9 also  summarizes  data  on  the  Xcnopsylla  c hoop  Is  and  5^  bantoruin  and 
the  Loptopsylla  associated  with  these  rodents,  and  shows  that  regardless  whether  Rattus  or  Hus 
musculus  occur  in  the  area  or  habitat,  these  Xcnopsylla  can  Infest  the  various  murines,  cither 
Indoors  or  outdoors.  L.  segnls.  In  contrast.  Is  wholly  limited  to  Category  I,  and  there  essen- 
tially to  Rattus  and  this  Hus.  L.  aethloplca  has  been  taken  Indoors  on  liosts  like  Praomys  etc., 
but  not  on  Rattus , Hus  musculus  or  outdoors  on  hosts  like  Arv'-canthi  s. 

f)  It  Is  noteworthy  tliat  there  Is  no  significant  difference  In  the  rate  of  R, 
mooseri  Infection  In  female  Rattus  as  compared  to  males, as  shown  in  Table  10.  Regardless  of  Itic 
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) ADDIS 
) KOKA 
) KOKA 

) INTOTO  K.  ItEHRET 
) TOTALS  FOR  RATTUS 

Mus  Museums 
MUS  (LEGQADA) 


PRAOHYS  ALBIPES 
OTHER  NATIVE  RODENTS 
OTHER  NATIVE  RODENTS 
TOTALS;  ALL  INDOOR  RODENTS 
SAVE  RATTUS  AND  MUS 
TOTALS;  ALL  INDOOR  RODENTS 
TOTALS;  ALL  OUTDOOR  RODKriTS 


II,  AREAS  WHERE  RATTUS  AND  MUS  ARE  PRESUmSLY  ABSENT 


+ 

118/190 

60;? 

+ 

5/109 

3^ 

0/1 

- 

+ 

13/48 

2'Vf, 

+ 

134/344 

39^ 

+ 

1/9 

11,^ 

0/4 

- 

+ 

3/118 

2.5^ 

+ 

0/92 

- 

0/198 

- 

3/170 

1.8/ 

138/922 

26/ 

0/208 

- 

A.  PRAOMYS  ALBIPES 

+ 

0/47 

* 

B,  ARVI CAN THIS 

+ 

0/27 

- 

C,  OTHER  MURINES 

+ 

0/39 

D.  OTHER  MURINES 

+ 

0/17 

- 

E.  TACHYOKYCTES 

+ 

0/10 

- 

P.  TOTALS  FOR  OUTDOOR  RODENTS 

+ 

0/94 

- 

G.  TOTALS  FOR  INDOOR  RODENTS 

+ 

0/86 

TABLE  9. 


SUtlMARY  OF  DATA  ON  FA  TESTS  COMPARING  RATES  Hi  RATTUS  RATTUS  AND  rWSCULUS 
WITH  OTHER  RODENTS  (INDOORS  AND  OUTDOORS)  IN  ETHIOPIA,  WITH  INDICATION  OF 
THEIR  tWJOR  XENOPSYLLA  AND  LKPTOPSYLLA  FLEAS  (1979-1 9Y7) 

Numerator  = Number  positive.  Denominator  = Number  tested. 

+ = Present.  0 = Absent,  @ = Does  not  apply  to  Tacliyoryctcs. 

R = Rarely.  * = Only  ori  native  "mice",  etc. 
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over-all  rate  of  Infection  In  an  area,  the  percentage  of  Infected  males  was  always  essentially 
the  same  as  In  females.  Indicating  the  observation  Is  valid. 


FEMALES 


ADDIS  ABABA 

Town 

25/40 

63/ 

27/45 

60/ 

ADDIS  SUBURBS  (MAKANISSA) 
Village 

7/11 

64/ 

8/12 

67/ 

Barn 

16/20 

80/ 

21/27 

78/ 

ADDIS  - MT.  INTOTO 

Intoto  Kedanl  Mehret 

4/17 

... 

26/ 

8/31 

' ( 

26/ 

TABLE  10.  MURDIE  TYPHUS  INFECTION  RATES  BY  SEX  A1!D  LOCALITIES  AMONG 
RATTUS  RATTUS  COLLECTED  IN  ETHIOPIA  (I976-I977) 

Numerator  = Number  positive.  Denominator  = Number  tested. 

g)  When  age  is  considered,  however,  the  results  are  strikingly  different, 
being  much  higher  In  adults  than  In  juveniles.  As  shown  in  Table  11,  this  difference  ranged 
from  6^  to  45/^  higher  In  adults.  These  data  suggest  that  while  R_^  mooserl  Infection  may  bo 
acquired  early  In  life,  the  factor  of  time,  l.e.  duration  of  exposure.  Is  important.  Presum- 
ably older  rats  have  had  more  opportunity  to  come  Into  contact  with  the  agent. 


JUVENILES 


ADULTS 


NUMBERS  POSITIVE  HUMBETtS  POSITIVE 

8/15  53a:  44/69  64;g 

4/7  57p:  11/16  69^ 

6/13  46:2  31/34  91:2 

2/10  20^2  io/3d  26^ 

20/45 44/ 96/1 57  61/ 


TABIJi  11.  MURINE  TYPHUS  INFECTION  RATES  AMONG  ETHIOPIAN  RATTUS  RAmiS 
BY  ACE.  (VICnilTY  OP  ADDIS  ABABA)  (1976-1977) 
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LOCALITY  

ADDIS  ABABA 
Tow;i 

ADDIS  SUBURBS  (MAKANISSA) 
Houses 


ADDIS  - MT.  INTOTO 

Intoto  Kedanl  Hehret 
Houses 
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h)  In  most  Instances  samples  of  sera  were  obtained  from  the  Rattus  which  were 
used  for  collection  of  blood  on  filter  paper.  Tiie  titers  for  the  R.  rattus  sera  which  proved 
positive  to  the  IPA  test  for  R^  mooserl  In  I976-77  are  shown  in  Table  12,  whence  It  can  be  seen 
that  In  87  of  the  II9  positive  tested  (751^)  the  titers  were  l;l60  or  Greater,  and  In  40^  (48 
Instances)  the  titers  were  1;640  or  Greater. 


TITER* 

LOCALITY 

wCPl 

1:80 

I:l60 

1:320 

1:640 

M 

CO 

0 

1:256o 

1:5120 

ADDIS  TO'/IN 

M 

H 

■ 

Houses 

IKUS 

3 

5 

- 

10 

1 

1 

mm 

mtSSsM 

2 

3 

3 

2 

12 

5 

2 

3 

SUBTOTAL  52/84 

5 

8 

3 

12 

12 

6 

3 

3 

ADDIS  SUBURBS  (MAKANISSA) 

■ 

■ 

■ 

Houses 

(1976) 

15/23 

2 

3 

IH 

3 

- 

- 

Barn 

1976 

15/18 

1 

3 

0 

10 

0 

n 

n 

■1 

1977 

22/29 

2 

1 

1 

2 

11 

Mi 

SUBTOTAL  37/47 

3 

■9 

1 

12 

11 

mm 

SB 

ADDIS.  MT.  INTOTO 

■ 

I 

Intoto  Kedanl  Mehret 

3 

2 

5 

2 

2 

KOKA  (Town  and  Village) 

■ 

■ 

H 

■ 

H 

■ 

BjH 

mSmi 

■1 

■i 

mm 

SUBTOTAL  3/106 

1 

1 

B 

B 

HBH 

- 

TOTALS 

119/308 

13 

19 

■ 

■ 

■ 

m 

TABLE  12.  TITERS  OP  RATTUS  RATTUS  SERA  POSITIVi:  70  TIE  INDIRIXT  FLUOKKSCEIiT  AUTIBOD'! 
TEST  POR  KURINE  TYPiPJS  (I976-I977). 


@ = Sera  was  not  available  for  ever;  rat  from  which  blood  oti  flli.or  paper 
was  obtained.  * = End-point  only.  **  Kale  Juvenile. 

Additional  Notes.  Mas  museulus  from  Makan'.r.sa  Barn  with  titer  1:640.  rrai'n,. 
alblpes  from  Intoto  Kedanl  Mehret  l:b0.  PraoM;. u albl  pes  from 
■ Maryam  1;80,  1:40. 

IPA  Test  performed  only  for  presence  of  l^  mooser' . 

1)  It  should  be  noted  that  In  the  areas  w'^ere  the  larp.est  i)roport  I ons  of  H.at  ina 
harbored  R.  mooserl  (Addis  Town  and  Hakanissa).  the  tltors  'n  cenei'al  were  s' Gnl  f I cantly  hiGher 
than  In  areas  like  Koka  and  Intoto  Kedanl  Mehret,  as  shown  'n  Table  13.  This  may  be  of  cp'dem'- 
ologloal  significance,  but  there  are  no  data  to  show  that  where  there  is  a low  rate  of  natu;-al 
infection  of  R.  mooseri,  the  strains  may  be  less  virulent.  Such  a phenomenon  has  been  noted 
for  chigger-borne  rickottsiosis  (Traub  & Wisseman,  197'l),  however,  and  in  this  regard  there  i: 
a pertinent  parallel  with  that  rickettslosis , namely,  that  tliese  localities  nay  be  at  the 
periphery  of  the  ecological  (or  local  geographical)  range  of  the  infection.  Here  the  limits 
may  be  the  temperature  and  rainfall  affecting  Rattus  and  Xonopsylla  {and  other  flca.s?)  on  uj^per 
Mt,  Intoto,  and  at  Koka,  the  effect  of  the  heat  and  aridity  on  Rattus. 
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p^-ne 


AREA 

TITERS  WITH 

1:320  OR  CREATKH 

IIUHBERS 

PERCENT 

ADDIS  ABABA.  TOWN 

36/52 

70;^ 

ADDIS  SUBURBS 

A.  BARK 

29/37 

7^ 

B.  HOUSES 

10/15 



lUTOTO  KEDANI  HEHRET 

4/12 

KOKA 

1/5 

33)5 

TABLE  15.  NUMBERS  OF  RATS  POSITIVE  FOR  ^ MOOSERI 
WITH  TITERS  OP  1;520  OR  GREATER 

. f , Direct  Fluorescent  Antibody  Test-s  (FA)  wli,h  Picas 

1)  The  data  for  both  197^  and  1977  are  presented  in  Table  14,  whence  ataln  It 

can  readily  be  seen  that  almost  all  the  positive  fleas  came  from  Rattus,  and  that  they  were  re- 
stricted to  the  Addis  area  (including  Intoto).  The  demonstration  of  R_^  mooscri  in  fleas  in 
1977  was  at  a lower  rate  than  last  year,  e.g.  ^ in  Addis  town  versus  43?I  last  year,  and  a re- 
duction in  the  percentage  of  Infected  L.  segi.ls  from  46jJ  to  lOf^  in  that  area.  Possible  reasons 
for  this  phenomenon  are  discussed  below  (p.  34).  Once  again  the  highest  rates  of  infection 
were  observed  in  ^ segnis  at  Kakanlssa)  versus  a maximum  of  3.3/5  in  bantorur.,  also 

from  that  area.  In  fact,  no  other  infected  Xenopsylla  of  either  cheopls  or  bantorum  were 
noted  this  year.  For  the  first  time  infected  fleas  were  observed  in  an  area  outside  of  Addis 
town  or  its  suburb  at  Hakanlssa,  l.e.  at  Intoto  K.  Mehj'ot,  which  is  Just  ? km.  from  Addis  proper. 
Here  8 of  I78  (4.5j5)  segnis  from  Rattus  were  positive.  The  absence  of  demonstrable  infection 
in  fleas  at  Koka  is  noteiforthy , especially  since  100  Xenopsylla  and  '[0  Echldnophaga  n.sp.  . all 
from  Rattus  in  domiciles,  were  examined.  It  will  be  recalled  that  all  the  Rattus  fleas  were  like- 
wise negative  this  year.  (TABLE  14  ABOUT  HERE) 

2)  The  data  on  the  PA  test  with  fleas  are  summarized  in  Table  I5.  facilitating 

analysis.  Out  of  the  total  of  1224  fleas  of  all  kinds  dissected  and  tested  in  I976-77.  875 
Were  from  Rattus , and  So  (10, "5)  of  these  v;ere  positive.  TTiere  were  2h'j  from  I'raorn^s  aid  iOo 
from  all  other  hosts,  and  these  were  all  negative.  Regarding  Rattus  from  the  Addis  area  (ex- 
cluding Intoto),  only  3 of  59  uAeupls  (5)^)  aud  8 of  8l  (lO^l')  of  the  ^ bantorum  had  dcmo.n- 
strable  R_^  mooser I , uiiereas  19)5  of  323  scgni  s were  infected.  Of  the  210  Rattus  fleas  ex- 

amined from  Intoto,  8 (4)5)  were  positive,  but  these  were  from  the  I78  L.  segnis  tested.  No.ie 
of  the  245  Praomys  fleas  from  Intoto  and  other  areas  were  Infected  altliough  mooscri  Infec- 
tion in  some  of  those  hosts  had  been  noted  in  Intoto.  Altogctlicr,  3 of  iSl  ^ c he  op  I s (2)5)  and 
iG  of  268  (6/5)  X.  bantoruii  were  positive,  and  these  were  ai  i from  Addis  town  or  Hakanlssa  (and 
wore  from  Rattus ) . Of  the  5II  L.  segnis  checked,  69  (13)5)  were  positive,  and  ali  but  8 of 
those  came  from  Addis  toi-m  or  Maka.iissa.  The  remainder  wore  from  Intoto.  The  low  rate  in 
Xenopsylla  as  ooi'pared  to  segnis  is  notev/orthy.  The  highest  rate  of  infection  was  observed 
in  Addis  town,  whore  9/5  of  the  ^ cheopls , 15)5  of  tlie  ^ bnntorui.i  and  of  tlie  I^.  so.rnis  liad 
R.  mooser  1.  These  high  rates  no  doubt  reflect  the  hyperendenicl  ty  In  the  mlnlfocus  luer.tloned 
below  (p.  24).  It  is  of  interest  that  no  Infected  L.  actiilojiica  were  found,  .and  it  is  slx'essed 
again  that  this  species  had  not  been  found  on  Rattus . Ali  the  Infected  fleas  to  dale  have  been 
from  Rattus . 
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HOST 

AND  lOCALITY 

1, 

ADDIS. 

RATTUS 

TOWN 

'76 

'77 

ADDIS. 

KAKANISSA 

'76 

(BARN  ) 

'77 

INTOTO 

KEDAlil  lEHRET 

•76 

'77 

XKNOPSVLLA  IJ';PTOPSYLl,A 


CHKOPIS  jDAIlTOnUtll  SEG.Mi!  J AKTHIOPICA 


2. 

PRAOHYS 

LEHI  + 

MEHAGESHA 

'76 

INTOTO 

KEDANI  HEHRET 

'77 

INTOTO 

MARYAM 

'77 

3. 

MASTOMYS 

LEMI  4 

MENAGESllA 

'76 

KOKA. 

FIELDS 

>76 

KOKA. 

IPJT 

'77 

•ADDIS. 

KAKANISSA 

'76 

4. 

ARVICAHTHIS 

KOKA. 

IWTS 

mm 

5. 

CROCIDURA 

KOKA. 

HUT 

'77 

LEMI. 

HOUSE 

.76 

6. 

lOTONYX 

KOKA. 

HOUSE 

_«I7l 

. LEl’US 


KOKA.  FIELD 


8,  DRSMOHY^ 
LEMT.  HOUSE 


9.  HOHO 
U\KA!J  ISSA 


TOTALS 


GHAIID  TOTALS 


TABLE  14.  MUTOEnS  OF  FLEAS  FOUilD  POSITIVi'  FOE  EOOSKiU  IMFECTIOU  TH  KTIilOiTA  BV  DtHECT 
FA  TEST  (1976-1977) 

numerator  Number  poKltlve.  Denomlr.a' op  j Number  t.o.-'t.ed.  ()  ^ Humber  of 

hosts  providing  fleas  for  te.sllrig.  Blank  ^ Not  appl  . cable. 
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XEUOPSYLU 


LEITOPSYLIJV 


CHEOPr; 


nA:;TOHiJM 


AKTllIOPICA 


OTHER 


4l/l‘j6 


51/236 


ADDIS.  TO'.i!! 


20/167 


21/227 


HAKAIilSSA 


ADDIS.  TOTALS 


HITOTO  KEDAH  I MEIHET 


KOKA.  TOTALS 


16/160 


80/873 


TOTAL  FOR  RATTUS 


PRAOMYS.  ALL  AREAS 


ALL  OTHER  HOSTS 


72/466 


61/323 


TOTALS  FOR  ADDIS 
ALL  HOSTS  . 


TOTALS  FOR  KOKA 
ALL  HOSTS 


TOTALS  FOR  IHTOTO 


16/268 


TOTALS  - 

ALL  HOSTS  AI!D  AREAS 


SUi-DlARY:  NtHTOERS  OP  PLEAS  FOtlHD  POSITCVE  FOR  R^  FOOSERI  ItJFKCTTON 
IN  ETHIOPIA  BY  DIRECT  FA  TEST  (I976-I977) 


TABLE  15 


Humerat.or  “ Humber  positive.  Detiomltiator  “ Number  tested 


3)  There  wa.s  no  significant  dlflci'ence  between  tin-  rate  of  infoctlon  iioieJ  in 
male  fleas  and  females.  All  the  positive  fleas  were  ao-soci  atod  with  Lite  Indoors  as  In  the  past. 
No  evidence  of  R.  mooserl  was  found  In  fleas  (or  hosts)  collected  outside  IJilldlngs,  'Ithougli 
only  limited  numbers  of  such  fleas  have  been  examined  because  our  Intensive  studios  have  failed 
to  show  any  R.  mooserl  infection  in  outdoor  rodents,  and  hence  we  concentrated  on  the  >st 
likely  vectors  in  order  to  get  quantitative  data  rather  than  dilute  our  efforts. 


a)  Last  year  we  presented  data  strongly  Indicating  tlic  occurrence  of  hyperen- 
domlc  foci  in  highly  localized  areas  of  Addis  Ababa  (town  and  suburbs).  Tlie  ohservat  1 ons  this 
year  support  the  hypothesis  that  the  Infection  rate  In  rats  and  eotopar.isit  er.  In  certa'n  domi- 
ciles or  buildings  (e.g.  tlie  barn  at  H.ikanlssa)  Is  sign  I f leantly  h'gher  tlian  In  other  location; 
In  the  general  areas,  as  suggested  by  the  data  in  Tables-  lb  and  I7.  The  flfoires  foi-  both  1976 
and  1977  hre  presented  In  those  Tables,  which  deal  w'th  the  Infection  rate  In  Hatl us  and  lice 
and/or  fleas  when  at  least  one  ectoparasite  was  foutal  positive  by  FA  lest;.  Fi'om  tliese  It  can 
be  seen  that  In  IFA  tests  with  hosts  harboring  at  least  one  positive  louse  or  flea.  26.  or  84;S 
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RATTOS  RATTUS 


IIIPECTEDl 


XEUOPSYLLA 


BANTORUM 


B-93013 
B-93019 
B-93028 
B-93043 
B-93047 
B -88724 
B-88736 
B-88750 
B-88751 
B-88752 
B-88773 
B-88792 


TOTALS  1 9/12=75 


MAKffll, 

AMHARA, 

AMHARA. 

AMHARA. 

ADDIS. 

HAKAN. 

HAKAN. 

AMHARA. 

AMHARA. 

AMHARA. 

MAKAH. 

AMHARjA. 


BARN 
, HOUSE 
. HOUSE 
, HOUSE 
HOUSE 
HOUSE 
BARN 
HOUSE 
, HOUSE 
, HOUSE 
BARN 
HOUSE 


1/10=  10^ 

1/3  = 33j5 

1/3  = 33^ 
4/6  = 67/0 
1/8  = 

2/8  = 23% 

0/10 

1/2=  30%  2/4  = 50^ 
l/l=loo;6  5/5  =100$^ 
1/1=1005?  1/1  =1005? 
2/5  = 40;? 

0/5 


8/15=53 


1/10=  10;;  0/7 

1/3  = 33^  0/8  0/2 

1/3  = 335?  1/5  =20;? 

5/9  = 55?!  0/4 

1/8  = 135?  0/9  0/1 

2/9  = 22;? 

0/10  1/2  =50;?  0/2 

5/8  = 63;?  0/1  0/1 

10/10=100;? 

2/2  =100;? 

2/5  = 405?  0/1 

1/10=  10/  1/1=100/ 


2/36=  6/ 


TABLE  16,  RESULTS  OF  IFA  TESTS  IN  WHICH  AT  LEAST  ONE  FLEA  OR  LOUSE  WAS  POSITIVE  FOR 
R.  HOOSERI  AND  WHERE  ANOTHER  SPECIES  OF  ECTOPARASITE  WAS  ALSO  TESTED 


•Numerator  = Number  positive.  Denominator  = Number  tested.  POG.  = Positive 
for  R.  mooserl.  KEO.  = Negative.  1+  to  3+  = Indication  of  positive  titer 
(not  available  for  I976).  B-93015  et  seq.  = 1977.  remainder  = 1976. 


of  the  Rattus  were  positive,  whereas  our  data  show  that  the  percentage  for  the  other  Rattus  In 
the  same  areas  (Addis  town,  Makanlssa  suburb  and  Intoto)  was  4 95?.  Sped f Icall;. , the  rates  were: 
Addis  town  885?  versus  555?;  Makanlssa  vs.  72;?  and  Intoto  50;?  vs.  2/.  Tims,  If  one  infected 
flea  or  louse  was  present  on  the  Rattus,  the  chances  of  the  rat  having  been  infected  with  H. 
mooserl  seem  far  greater  than  if  the  fleas  examined  had  been  negative.  However,  It  might  be 
argued  that  this  is  to  be  expected.  In  that  If  the  Rattus  wei’C  positive,  then  It  Is  quite  likely 
that  fleas  or  lice  feeding  on  it  could  acquire  the  rickettslae,  and  that  Is  what  these  figures 
suggest.  Analysis  tends  to  refute  that  contention.  Rats  are  Infected  for  life,  but  rlckett- 
semla  is  transient  and  probably  only  persists  for  a few  days.  This  alone  Itidlcates  that  recent- 
ly acquired  Infection  In  a single  rat  could  not  result  In  such  a high  corrola'  'o.n  ns  noted  above. 
Moreover,  I9  Rattus  from  Addis  town  and  suburbs,  which  were  positive  b,  IFA,  carried  a total  of 
-39  Xc-nopsylla  and  88  L.  scgnls  that  were  negative  by  FA  test.  Also,  there  were  12  positive 
Rattus  from  Intoto  which  had  negative  fleas,  l.e.  there  were  I90  negative  Intoto  segni s and 
Xenopsylla.  Therefoi’e,  since  so  many  positive  rats  carried  fleas  lacking  li.  i::oosor1,U  seems 
logical  that  other  factors  are  involved  besides  Infected  rats  nierely  carrying  positive  fleas  by 
virtue  of  concurrent  rlckettsemla..  Further,  as  shown  In  Table  16,  when  one  species  of  flea 
was  found  positive  on  the  host,  other  Ispecies  of  fleas  (if  present)  also  were 
highly  likely  to  be  infected,  and  the  same  is  appai’ently  tiaie  for  tlie  Rattus  lice. 

Thus,  undei’  those  olrcumstanoes , in  6 of  12  cases  (5f>/'>).  at  lea.  t one  other  species  was 
positive  as  well,  and  In  13  of  the  23  groups  containing  at  least  1 Infected  individual 
more  th.an  395?  of  thc>  Individuals  of  that  species  liarbore  1 R.  rioos.«.rI  . In  8 Instances,  nr|_  the 
members  of  that  species  wore  Infected  per  host.  Oncc'^  every  member  te.sU'd  for  3 species  of  fleas 
from  an  Individual  rat  was  positive,  and  in  another  oxan.ple,  lOti;!  iniocllon  was  noled  Cor  oni- 
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RATTUS  RATTUS 


INFECTED 


PLEAS 


LEPTO. 

SEGIIIS 


UBTOVAL 


B-93001 

B-93018 
B-93038 
B -9 3 044 
B-93045 
B-93049 
B-93050 
B-93271 
B-93409 
B-88738 
B-88739 
B-88769 
B-88779 
B-88781 
3-88782 
B-88787 
B-88791 


MAKANISSA,  EARN 
AMHARA 

MAKANISSA.  BARN 


AMHARA 

AMHARA 

MAKANISSA 

MAKANISSA 

INTOTO 

INTOTO 

AMHARA 

AMHARA 

MAKANISSA 

AraiARA 

MAKANISSA 

lOAKAIl  ISSA 

MAKAfllSSA 

AffilARA 


. BARN 
. BARN 


. BARN 

.HOUSE 

.HOUSE 

.HOUSE 


C/XO--  60^  6/10=  60;? 
1/3  = 33^  1/3  = 335? 
1/10=  10;?  1/10-  10;? 
1/1  =100;?  1/1  =100;? 
4/4  =100^  4/4  =10C^ 
2/5  “ 40;?  2/5  = 40^ 

1/5  = 20;?  1/9  = 20;? 

7/10=  70;?  7/10=  70;? 

1/2  = 50;?  1/2  = 50/ 

7/9  = '1^0  7/9  = 78;? 

10/10=100^  I0/l0---100fo 
5/10=  ^0%  5/10-  50;^ 


6/10=  60;?  6/10=  60;? 


1/1  =100;?  1/1=100^ 

1/1=100^  1/1=100;? 
1/1=1 00/j  1/1=100/ 
1/1  =100;?  1/1=100/ 


2/2=100;''  4/4-100,? 


TABIj;  17.  RESULTS  OP  IPA  TESTS  IN  RATTUS  AND  OF  DIRECT  PA  TESTS  IN  RAT  PLEAS  AND  LICE 
IN  WHICH  ONLY  ONE  SPECIES  OP  ECTOPARASITE  WAS  TESTED  AND  IN  WHICH  AT  IEA3T 
ONE  SPECII'EN  WAS  POSITIVE  FOR  R^  MOO  SERI  INFECTION 

Numerator  = Humber  positive.  Denominator  = Number  tested.  POS.  = Positive 
for  R.  mooseri . NEC.  = Negative.  1+  to  3+  - Indication  of  positive  titer 
(not  available  for  197*^ )•  B-95001  et  seq.  = 1977,  remainder  = 19/6. 

was  Infected,  the  over-all  percentage  of  fleas  or  lice  that  liad  R.  inooser  1 r.anged  from  6;'  to 
53/3.  Illrie  of  these  12  host  Rat t us  (73;?)  were  riaturally  infected  wltn  R.  mooseri. 

_ b)  The  high  rate  of  infection  noted  in  ectoparasites  vjheii  one  member  of  a 

group  from  a Rattus  was  found  to  be  Infected,  Is  appai’ent  from  the  data  In  Table  17.  There 
were  89  L^  segnis  tested  from  13  Rattus  which  had  Infected  members  of  that  species,  and  57/? 
of  the  fleas  examined  had  R.  mooseri.  There  was  a high  rate  of  infection  In  the  I'at  lice, 
viz.  4 individuals  of  4 tested  from  4 Rattus  in  197*?  were  positive,  but  the  sampling  Is  Inade- 
quate for  further  discussion.  Sixteen  of  the  I8  Rattus  (90/)  pi'ovUUng  those  infected  ecto- 
parasites were  themselves  positive  in  IPA  tests. 

c)  These  data  on  R.  mooseri  In  Ha ttvis -ectoparasites  suggest  hypeeendemlc  1 ty 
in  certain  foci  or  at  certain  times.  When  an  individual  louse  oi-  flea  became  infected,  a sig- 
nificant proportion  of  other  lice  and/or  fleas  on  the  same  ho.st  wore  positive,  indicating  eith»r 
a recent  pervasive  rlokettsemla  and/or  ati  abundance  of  infected  ho.'-.ts,  one  of  which  had  previ- 
ously infected  those  ectoparasites.  The  greai.  majority  of  rats  (25  of  30,  or  81'/)  with  infecti'd 
lice  or  fleas  vfore  themselves  positive  for  R.  moo.seri.  Moreover,  ihe  bulk  of  t.he 
infected  Rattus  and  ectopara.sltes  came  from  two  small  foci,  namely  Atiliai'a ' house 
in  Addis,  and  the  dairy  barn  in  Hakanls.ca,  Thu.,,  of  the  30  rats  rei)re;.cnt  ed  in 
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Tables  l6  and  , 26  (8'/^)  came  from  either  of  these  2 places  ( lA  from  Amhara's  house,  at.d  with 
12  (86;3)  Infected,  and  12  from  the  barn,  with  10  {8ifi]  Infected.)  Further,  altogether  (Includ- 
ing Rattus  with  negative  fleas  or  lice),  a total  of  23  Rattus  were  collected  In  Amliara's  house 
In  1977.  ‘I'ld  18  (78/«)  w'ere  Infected.  Last  year  the  rate  In  that  domicile  was  7/9  - whereas 

the  rate  for  other  parts  of  Addis  was  ^8^,  An  Important  point  Is  that  Iri  I977  a period  was  reach- 
ed when  It  was  impossible  to  trap  rats  In  Amhara's  house  for  weeks.  Indicating  that  either  no 
Rattus  remained  or  they  had  become  too  wily  to  trap.  After  a lapse  of  3 weeks  an  additional  4 
rats  were  taken,  and  these  were  all  negative.  All  in  all  these  observations  suggest  that  these 
last  4 were  recent  arrivals  that  had  not  yet  become  demonsti-ably  Infected  with  R.  mooserl.  In 
the  barn  In  the  suburbs  of  Addis  In  I976,  9‘^/^  of  the  adult  Rattus  were  positive  for  ^ nooserl 
by  IFA.  The  rates  for  all  Rattus  there  In  1976  and  1977  respectively  were  86^  and  77)J.  Inso- 
far as  infected  ectoparasites  In  these  particular  foci  arc  concerned,  there  were  30  Instances 
In  which  one  or  more  such  fleas  or  lice  were  encountered  and  2i|  (80Jj)  of  these  concerned  either 
the  barn  or  Amhara's  house.  Of  the  12  Instances  of  multiple  occuri’ence  of  Infected  ectopara- 
sites of  two  or  more  species,  11  (91)2)  were  from  one  of  these  two  localities.  We  are  referring 
to  such  highly  localized  areas  of  hyperendemlclty  as  mlnlfocl  (vide  p.  28,  on  the  sunjnary  of 
epidemiological  considerations). 

g.  Direct  FA  Tests  on  Lice 

1)  Lice  on  Rattus  in  Ethiopia  have  proven  difficult  to  collect,  and  for  that 
reason,  and  because  of  severe  constraints  of  Line  we  have  not  been  able  to  pi-epare  optimal  num- 
bers of  dissections  of  Rattus-llce,  particularly  In  the  past.  This  year  we  tested  lice  from  10 
Rattus  from  the  Addis  area,  from  7 from  Koka  and  from  6 from  Intoto,  as  well  as  from  9 Fraorays 
and  1 Lophuromys  from  Intoto,  Lice  from  2 Arvlcanthls  at  Koka  were  also  checked. 

2)  There  are  two  species  of  lice  occurring  together  on  Rattus  In  Addis  (and  other 
areas  of  Ethiopia),  namely  Folyplax  sp1  nulosa  a.cd  Hoiilopleura  oenomydl  s,  both  of  \/hlch  are  wide- 
ly distributed  with  these  rats  In  various  parts  of  the  v/orld. 

3)  Folyplax  outnumbered  llonlopleura  this  year  In  oui'  samples  by  about  3 to  1. 
Identifications  on  the  species  on  Fraomys  and  Aryl  can thl s are  ponding.  The  numbers  of  lice 
tested  from  these  various  hosts  are  shown  In  Table  I8. 


RATTUS 

FRAOMYS 

ARVICANTHCS 

LOFUUROMYS  (L) 

OR 

MASTOHVS  (M) 

ADDIS.  TO'.vN 

93  ( 6 ) 

ADDIS.  MAKANISSA  (BARN) 

38  (4) 

INTOTO 

49  (9) 

44  (9) 

9 ( 1-L ) 

KOKA 

64  (7) 

20  ( 2 ) 

8 il  ID 

TOTALS 

200  (22) 

44  (9) 

20  (2) 

12  . (2) 

TABLE  18,  UUMBERS  OF  LICE  PROM  DKSIGMATED  HOF.TR  AND  Mil'.hl',  IN  KTIIIOFIA 
EXAMINED  lA’  DIRECT  FA  VERT  (1977) 


Figures  In  iiai-ontheses  Indicate  the  numbers  ol’  hosts 
supplying  the.se  lice. 
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4)  The  i-esultB  with  the  lice  In  197^  1977  are  aumii'.arlzod  In  Tables  16  and  ly, 

and  soi.ie  of  the  pertinent  points  have  been  discussed  ir.T.edlately  above.  Last  year  we  examined 
: l8  lice  from  13  Hattus , and  6 of  these  lice  were  positive  (3  of  each  species).  Eleven  of  those 

, rats  had  contributed  1 louse  apiece.  Neither  In  that  year  nor  In  the  current  one  were  any  In- 

fected lice  found  on  any  host  besides  Rattus.  In  1977.  only  1 louse  spl  nulosa ) was  posl- 
I tlve  In  our  tests,  and  it  came  from  a Rattus  In  Amhara's  house,  and  Its  4 companions  were  neea- 

‘ tlve  (but  1 of  3 L.  set;nls  from  that  host  was  likewise  positive), 

! h.  Direct  FA  Tests  on  Ticks  and  Mesostigmatld  Mites 

I 1)  Last  year  we  reported  that  a total  of  78  ticks,  representing  various  stages 

I in  4 genera,  were  all  negative  for  murine  typhus.  Similar  results  were  obtained  In  1977  with  195  un- 

I identified  ticks,  as  shown  in  Table  I9  (which  also  deals  with  mesostlgmatld  mites  and  the  spotted 

I fever  group  of  rlckettsiae,  as  discussed  below).  Tlie  results  with  ticks  and  R.  mooserl  were 

( also  negative  in  1975.  However,  it  must  be  borne  In  mind  that  very  few  ticks  from  Rattus  have 

been  examined,  and  that  host  is  the  prime  theraphlon  found  Infected  to  date.  There  have  been 
t no  ticks  found  on  Rattus  in  Addis  Ababa  and  its  suburbs,  vihere  the  bulk  of  the  Infected  Rattus 

I have  been  taken.  The  few  Rattus  ticks  examined  have  been  from  Koka,  whei’e  the  n_j_  mooserl  I'ate  Is 

I very  low  in  Rattus  (and  unreported  In  other  hosts),  and  the  ticks  have  come  from  Rattus  In  huts 

In  the  fields  and  not  in  town,  which  was  the  source  of  the  few  positive  Rattus  observed. 

2)  As  for  the  mesostlgmatld  mites,  the  situation  re  murine  typhus  resembles  tiiat 
noted  in  ticks  - the  results  to  date  are  all  negative,  including  the  140  tested  In  1977  (Table 
19).  However,  very  few  Rattus  mites  have  been  checked,  although  In  1977  we  tested  one  pool 
from  a host  at  Makanlssa  that  was  positive  by  IFA. 

(TABLE  19  ABOUT  IL'IRE ) 

I . Isolation  of  R.  mooserl  from  Field-Collected  Rodent  Tissues 

1)  A truly  signal  advance  v;as  made  in  I970  when  Isolations  were  made  directly 
Into  tissue  cultures  from  kidney  tissues  collected  from  Rattus  in  Ethiopia,  derived  from  liosts 

that  had  proven  positive  for  R.  mooserl  by  the  IFA  test.  The  successful  development  of  this 

technique  was  a crucial  step  In  our  program,  because  It  became  possible  to  accurately  and  re- 
latively quickly  identify  and  cliaracterl ze  strains  of  R.  mooserl  encountered  In  the  field,  and 
the  methodology  sliould  also  prove  applicable  to  identification  of  other  species  of  rlckettsiae 
that  may  be  encountered  In  the  field,  particularly  In  r:atlve  murines.  This  new  technique  eli- 
minates the  problem  of  enzootic  rlckettsiae  and  other  microorganisms  of  guinea  i>Igs,  etc.  which 
have  plagued  research  wlien  laboratory  animals  wore  used  for  isolation  of  agents.  It  is  tioped 
that  this  tcctuilque  may  prove  feasible  for  Isolation  of  rickottslae  from  artliropods,  but  tliat 
will  be  a difficult  and  time-consuming  task  to  accomplish.  Data  on  Llie  strains  In  tissue  cul- 
ture are  presented  In  Table  20. 

(TABLE  ?0  ABOUT  HERE) 

" 2)  The  rlckettsiae  isolated  to  date  are  conslJei’ed  to  be  typical  1^  mooserl . 

J , Summary  and  Discussion  of  Observatlo.ns  on  tlio  Ecology  of  Murine  Tynlius. 

1)  In  order  to  facilitate  discussion,  tiie  lilglillglits  of  Llie  data  and  observa- 
tions are  summarized  In  TableS21  and  22.  From  the  points  sunmarlzed  tliei-eln  and/or  made  earlliu’, 

(TABLlfe21  AND  22  ABOUT  HERE) 

It  Is  clear  that  murine  typhus  Infection  In  the  areas  studied  in  Ethiopia  Is  cliaracterl  zed  I'.v 
the  following:  1)  The  Invariable  presence  of  com/nensal  Rattus  rattus  or  at  least  commensal 
Hus  musculus.  ?)  Indoor  foci,  3)  An  occasional  occurrence  in  native  murines,  Imt  only  i.iien 
Indoors  and  acting  like  a,  commensal  rodent  and  tiien  only  in  association  witli  r.iltus  or  M. 
musculus . 4)  Wiiere  R.  mooserl  Is  common  in  Rattus . the  flea  Tieplopsyl  la  sognlr.  is  al'u.dant 

on  sucli  hosts  and  lias  a relatively  tilgti  rate  of  infect  ion.  Tlie  only  ai’oa  loMUn  to  us  wliere  R. 
mooserl  Is  present  In  Rattus  in  the  absence  of  i egnl  s is  Koka  town,  and  tiere  tlie  rate  of  It.- 
fectlon  in  those  rats  is  very  low,  5)  Presence  of  liolii  >1.  clieopls  and  >1.  bantorum  indoors  on 


- Reiiorl  I'Jge  28  - 


LOCALITY 

AND  ACCESSION  NUMBERS 


IE 

SPOT'fED 

IS 

FEVER 

I.  ADDIS.  TOlffl.  HOUSES 

AZ  936b 


[4AKANISSA. 


BARN 


AZ  926 
AZ  95^1 
AZ  998 
AZ  966 


3.  IHTOTO  KEDANI  MEHRET 

AZ  965 
AZ  1365 
AZ  1612 
AZ  1191 
AZ  1555 
AZ  1194 


4.  INTOTO  MARYAM 

AZ  987 
AZ  1012 
AZ  104 '3 


9.  KOKA.  TOmi.  HOUSES 

AZ  1096 
AZ  1062 
AZ  1119 

AZ  1198 


. KOKA.  HUTS.  IN  FIELD 


AZ  1073 
AZ  1087 
AZ  1099 
AZ  1117 
AZ  1116 
AZ  1122 


HORSES 

HORSES 

CATTLE 

CATTLE 


PRA0MY3 

PRAOMYS 

PRAOMYS 

DESMOMYS 

DESMOMYS 

DESMOMYS 


PRAOMYS 

PRAOOTS 

PRAOMYS 


RATTUS 

RATTUS 

RATTUS 

RATTUS 


IN  ACACIA 


LEPUS 

MASTOHYS 

mUiPESTES 

CATTLE 

0/10 
0/10 
0/]  0 
0/3  0 

j 

I 

o/io',; 

TABLE  19. 


AZ  1074 
AZ  1099 
AZ  1166 
AZ  1168 


RESULTS  OP  DIRECT  FA  TESTS  WITH  TICKS  AND  tlLSOSTK'.MAi'ri)  HITIL';  H!;OAKl')TNr.  lOJHI 
TYPItUS  AND  THE  SPOTTED  FEVER  CROUP  OP  INFECTIONS  IN  KTlIIOPTA  (,I9Y(') 
Numerator  = Number  poslt.Ive.  Denoi'i'. nator  Humbei’  t.ested. 
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RAT 

ACCESS. 

. NO. 

LOCALITY 

AND 

HABITAT 

PFU/g.  OF  TISSUE 
(WET  WEIGHT) 

SERA  TESTED  FOR 

HT  ANTIBODIES 

SPLEEN 

KIDNEY 

IPA  , 

HA 

AZ  333 

ADDIS,  to™ 

4.12  X 10^ 

3.15  X 10** 

2560 

256 

AZ  357 

ADDIS.  BARN 

0 

6.65  X 10^ 

1280 

128 

AZ  306 

ADDIS,  to™ 

1.35  X 10^ 

4 

7.20  X 10 

320 

128 

AZ  331 

ADDIS,  to™ 

2.0  X 10** 

6.40  X 10^ 

1280 

64 

AZ  305 

ADDIS,  to™ 

0 

4.10  X 10^ 

320 

256 

AZ  319 

ADDIS.  SUBURB 

0 

2.50  X 10^ 

80 

256 

AZ  325 

ADDIS.  BARN 

7.35  X 10^ 

1.37  X 10^ 

320 

320 

AZ  332 

ADDIS.  TOl'/N 

1.87  X 10^ 

2.5  X 10^ 

320 

320 

TABLE  20.  DETERHINATIOt;  OF  tWRIME  TYl’HUS  RICKETTSIAL 
PLAQUE -PORfUKG  UL'ITS  IN  VARIOUS  ETHIOPIAN 
RAT  TISSUES 

Rallus  or  Mus  musculus.  6)  Infestation  of  Pol;  plax  splnulosa  and  lloploplcura  or.oomydls  on 
Rattus.  7)  cheopls  and  ^ bantorum  on  native  murines  In  the  field  seem  to  play  no  role, 
even  thou£;h  they  may  be  20-50  times  as  abundant  as  those  Xenopsylla  on  those  hosts  or  liattus 
Indoors  In  the  same  area.  8)  The  same  Is  ti'ue  for  native  species  of  fleas  wiietticr  on  IndlGe- 
nous  rodents  or  on  Rattus  in  houses  (as  EchidnophaGa  n.sp.  In  Koka).  9)  Indlcenous  rodents  In 
the  field  do  not  seem  to  acquire  natural  Infection,  even  when  llvlnc  a few  yards  from  a mini-' 
focus  like  the  barn  at  Makan’.ssa,  10)  There  Is  no  evidence  that  parasitic  mites  and  ticks  are 
Involved  In  the  cycles. 

2)  Except  for  the  presence  of  R_^  mooserl , which  of  course  Is  axiomatic,  there 
Is  no  single  factor  which  is  Invariably  associated  with,  or  limited  to,  endemic  foci  of  murine 
typhus  Infection  in  Ethiopia.  Even  Rattus  Is  not  Inevitably  present,  as  scons  to  bo  tlie  case 
at  Intoto  Maryam,  which  may  be  too  cold  for  that  host,  and  where  Hus  musculus  may  have  usurped 
Its  role.  However,  It  Is  quite  likely  that  an  occasional  Infected  Rattus  may  be  Introduced 
Into  a hut  there  by  the  agency  of  man  and  survive.  Wlille  cheopls  atid  ^ bantorum  have  been 
found  wherever  R.  mooserl  was  demonstrated  In  these  study-areas,  they  arc  uncommon  tlicre,  oii.t 
moreover,  may  be  extremely  abundant  on  their  true  hosts  ( Arvlcantlils  atid  Mastomys ) (ouldoors) 

In  such  localities  In  the  absence  of  infection  In  those  hosts  or  In  tlic  fleas  themselves.  L. 
segnls  had  the  highest  rate  of  ii.  mooserl  Infection  of  all  the  ectoparasites  tested  In  adequate 
numbers,  e.g,  46;^  of  those  sampled  were  positive  In  Addis  town  In  1976,  t’Ut  Its  absence  In  Koka 
shows  that  It  cannot  be  tlio  critical  factor  In  determining  the  distribution  of  tii','  rl  ckett i os  I r. . 
The  rat-llce  Polyplax  and  lloplopleura  seem  to  be  found  on  Rattus  In  all  anas  tested,  and  a lilgl. 
rate  of  Infection  has  been  noted,  e.g.  1 of  1 positive  on  4 occasions,  Imt  of  I’Od  Hal  t\ir. -1  i co 
tested  In  1977>  only  1 was  found  Infected.  These  new  data  militate  against  tliese  lice  as  teliu' 
the  dominant  vector  In  the  ecology  of  murine  typhus,  even  among  rats,  but  may  rej're..enl  Inade- 
quate sampling.  The  role  of  lloploplcura  and  Polyplax  needs  furtiier  study.  Regardless,  1 1n  re 
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may  be  a coricatenatlon  of  events  responsible  for  the  Initiation  and  i.alntenance  of  a f cus  of 
this  rlckettslosls.  Involving  some  or  most  of  the  above  factors  and  some  as  yet  uriknown. 

3)  The  multiple,  concurrent  R,  mooserl  Infections  In  2 or  3 species  of  fleas, 
at  times  accompanied  by  the  presence  of  the  rlckettslae  In  lice,  and  coupled  with  Lh.e  presence 
of  antibodies  to  murine  typhus  In  the  host  Rattus  strongly  suggests  that  highly  localized  mini  - 


foci  of  this  Infection  exist,  as  in  a hut  or  building.  The  fact  that  the  great  majority  of 
Rattus  In  such  loci  liarbor  R.  mooserl  Infections  emphasizes  the  potential  epidemiological  Im- 
portance of  such  mlnlfoci,  as  does  the  fact  that  they  persist  for  at  least  a year  (the  period 
of  observation).  If  conditions  In  Ethiopia  Improve  so  that  we  could  resume  our  Investigations 
In  that  country,  it  would  be  edifying  to  learn  If  the  Hakanlssa  barn  and  Amhara's  house  still 
are  in  the  mlnlfocus  category,  and  to  check  sera  of  the  people  living  or  working  there  to  de- 
termine the  extent  of  human  infection. 

F)  L.  segnis  merits  extensive  In/estlgac'.ori  as  a vector  or  source  cf  Infect'..'', 
with  R.  mooserl , both  with  respect  to  man  and  murines.  Its  absence  in  Koka  despite  the  pres- 
ence there  of  a few  Infected  Rattus  may  not  be  as  significant  as  It  appears.  Thus,  as  men- 
tioned above,  those  Rattus  ray  have  been  Introduced  into  the  hotel  and  restaurant  where  tliey 
were  trapped,  since  many  trucks  from  Addis  stop  there.  The  very  low  rate  of  infection  In  Koka 
Rattus  (3  of  106,  = 3/0,  overall)  suggest  such  a transient  or  tenuous  endemlclty,  and  a habitat 
where  the  infection  caiciot  be  re.ndlly  maintained  (and  whei'e  presumably  L,  scgnls  caimot  survive). 
This  belief  is  supported  by  tlie  failure  to  demonstrate  mooserl  In  FA  tests  Involving  110 
cheopls  and  X.  bantorum  on  Koka  Rattus , and  In  <)0  Ecliid.nophaga  from  tliose  rats  In  the  few  houses 
under  study  there,  and  by  the  dearth  of  Xenopsy 11a  on  rats  In  those  domiciles.  At  Addis  and 
Intoto,  segnls  outnumbered  ^ cheopls  and  X_;.  ba.ctoru::.  by  C to  30  times  on  Rattus , and  gener- 
ally had  an  R,  mooserl  Infection-rate  that  was  double  that  of  the  Xenopsylla . Even  if  this 
! species  does  not  bite  man  It  may  be  a critical  factoi’  in  tiie  rlckettslosls  as  1)  an  Intra'nurld 

j vector  and  2)  a source  of  Infection  In  man  and  rodent  by  means  of  aerosol  transmission  of  Rj_ 

i mooserl  via  its  dried  feces.  segnls  may  be  highly  specific  to  Rattus  and  Mus , as  Indicated 

by  the  sparsity  of  records  from  otiuir  hosts  (e.g.  Prac.m.-c , DesMomys ) In  the  .n-ni'c  hul  , but  ai  i'u- 
sol  trans.misElon  of  contaminated  flea-feces  could  occur  regai’dless. 

5)  The  low  Interchange  of  fleas  among  the  murliics  1n  tiie  liuts  at  Intoto  KedanL 
Ilehret  Is  of  great  interest.  This  Is  the  only  area  where  we  have  four.d  Ral.tus  In  the  houses 
together  with  Desmomys , Fraomys  etc.  In  Uganda  Hopkins  (19*19)  noted  that  wiien  Rattus  first 
penetrate  houses.  It  Is  restricted  to  the  roofs,  wli’.le  I'astonys  lives  In  burrows  In  Ihe  floor. 
This  may  also  bo  the  case  In  parts  of  Etlilopla,  but.  as  we  reported  last  year,  at  Menagesha. 
which  Is  only  30  km.  from  Addis,  there  were  no  Rattus  It;  tlie  domiciles,  only  Fraony.s  a d Des- 
ir.omys  etc.  Tills  Is  apparc-.iti^  also  trie  at  Intoto  tp.-yn.i  j isl  1;  vrii.  from  Addis,  bat  a',  ti  e 
lower  village  on  I.itoto,  merely  2 km.  from  the  capital,  the  Ratl.ns  and  native  iii'irlnos  are  pre- 
sent In  the  same  building.  Here  the  Rattus  do  ter:ci  lo  occur  In  lh.e  roof  a -d  rafters,  b'lt  a few 
were  taken  on  the  ground.  There  thus  does  not  stem  to  be  a physical  barrier  between  the  Ra  tm. 
and  Fraomys  etc.,  although  the  various  kinds  of  rats  may  not  frequently  come  Into  d'rect  con- 
tact. It  Is  noteworthy  that  the  Leptopsylla  aei hloplca . Ctenophlhalmus , Xlplilopsylla.  Ch' as'.-o- 
psylla,  D1  nopsyllus  and  other  fleas  of  the  Indlger.O'is  r.ur'nes  li;  1 h.jse  domiciles  wore  not  foi.al 
on  the  Rattus  tenants,  and  that  the  scgnl  s of  the  lat.er  wei’e  rarely  foir.d  on  the  Fraom;  , 
Desmomys , etc.  .'Jlnce  L.  segri i. s is  supposed  to  be  a Hus  I'usculas  flea,  .and  yel  can  h.ivr  an  Inuex 
of  90-90  f’la  a Rattus , It  is  not  a wholly  specific  I'lea,  but  its  vli-tnal  abse'ice  on  the  n.itlve 
murines  In  the  same  bulldUig  Is  noteworthy,  part eularl;.  since  the  Xenopsylla  facoly  share  all 
of  those  murines.  It  may  be  that  the  dearth  of  L.  segnls  on  l'rao];i,. s and  the  other  lidlgenois 
rats  nay  have  something  to  d'  with  the  low  rate  of  R.  mo.iserl  Infection  In  those  rodents. 

6)  Roberts  (1925)  suggested  that  in  Kenya  Xjs  braS  i 1 j.'psis  Is  essentially  a I'lea 
of  rats  nesting  In  the  i-oofs,  and  cheopls,  of  rats  living  in  tiie  walls  and  floors.  X_^  '’-jL'Li" 
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llfnsis  has  not  been  found  in  Kthiopia  and  we  do  not  know  where  ^ eheopls  (or  bantoru.-a ) 
breeds  indoors  in  tliat  country.  If  some  are  developing  on  the  groimd-level  (and  we  consider 
this  possible  because  the  eggs  are  not  fixed  to  the  hairs  of  the  host  and  can  fall  to  the  ground) 
the  newly  emerged  fleas  would  be  in  a position  to  readily  infest  Praonys  and  the  other  native 
murines.  However,  Rattus  rattus  in  the  Kthiopian  areas  under  study  definitely  do  tend  to  live 
in  or  near  the  roofs.  Hopkins  (19‘+9)  reported  that  1)  "where  Rattus  rattus  is  nuitierous  other 
species  of  rats  are  not  able  to  occupy  permanent  quarters  in  huts  in  any  considerable  numbers" 
and  that  this  species  "will  invariably  colonize  thatch  when  it  is  available  and  is  only  infre- 
quently found  in  the  walls  and  floors  of  thatched  huts."  The  second  point  certainly  applies  to 
the  Rift  Valley  and  parts  of  the  Ethiopian  highlands,  but  the  huts  at  Tntoto  were  made  of  gal- 
vanized metal  or  tin.  The  first  point  may  also  be  applicable,  and  it  seems  likely  that  at  In- 
toto  Rattus  has  not  become  firmly  established,  having  either  recently  entered,  or  more  probably, 
b..:ing  at  its  physiological  thresh.vlJ  i-egardirig  existe.ice  .at  cold  te.-nperatvires.  The  resulting 
degrees  of  contact  between  Rattus,  and  its  flea-fauna,  - and  Praomys , Desmomys  etc.  and  their 
fleas,  - and  the  degree  of  specificity  of  these  fleas>are  no  doubt  important  in  the  ecology  of 
murine  typhus. 

7)  The  difference  in  the  rate  of  n_^  nooseri  infection  in  Juvenile  versus  adult 

Rattus  (Report  p.  20,  above)  also  is  of  epidemiological  significance.  It  is  to  be  expected 
that  adult  rats  would  liave  a Mi'iier  rat<;  of  ii'"ection  because  1)  antibodies  persist  for  life  and 
2)  they  liave  had  more  chance  of  coming  into  contact  with  the  rickettsiae.  That  there  is  a dif- 
ference, iiowever,  indicates  t)iat  the  sole  source  is  not  in  the  nest  of  the  parents  at  time  of 
birth  or  while  the  young  are  in  the  nest,  or  by  acquisition  of  rickettsiae  from  the  mother  while 
in  utero.  The  relatively  higii  rats  of  infection  in  Juveniles  {hH%)  does  indicate  tlie  theoreti- 
cal possibility  that  both  those  last-mentioned  .'’actors  may  exist  to  a significant  degree,  and 
the  subject  warrants  study.  The  fact  that  males  and  females  become  infected  to  the  same  degree, 
(Report  p.  18  and  Table  10)  shows  that  both  sexes  are  probably  equally  exposed,  bub  does  not 

rule  out  such  possible  factors  as  stress  of  pregnancy,  or  tlie  time  spent  in  the  nest  by  nursing 

motiiors.  1970  and  197Y 

8)  Tlie  differences  in  the/rat*;  of  mooserl  Infection  in  both  Rattus  (Table  7. 

Report  p.  16)  and  its  fleas  (Table  l4.  Report  p.  23)  are  of  interest.  Tlie  fact  t^iat  63;'  of  the 

toim  rats  Vfere  positive  in  1977  versus  in  197!>~76  no  doubt  reflects  our  having  concentrated 
more  this  year  on  the  hyperendemic  minifocus  in  Amhara's  house  than  previously.  Similarly,  the 
10;^  decrease  in  the  rate  at  the  barn  at  Makanlssa,  if  significant,  also  may  represent  sampling. 
This  year  we  trapped  more  heavily  in  an  outbuilding  there,  where  fewer  positive  rats  were  found. 
The  differences  concerning  fleas  are  at  a greater  level  and  are  more  difficult  to  explain.  Re- 
garding town  Rattus , in  Xenoosvlla  the  rate  fell  Crom  333  to  0 and  to  33  in  1977,  depending  on 
the  species:  and  r<;ptopsylla  sognis,  I'ro.m  463  to  I03.  A E.iinilar  decrease  was  also  noted  at 
Makanissa.  Since  the  majority  of  the  fleas  (and  rats)  came  from  minifoci  that  were  hyperende- 
mic a year  previous,  it  is  po.ssible  that  the  decreases  represent  a localized  waning  of  endemi- 
city.  Another  possible  factor  is  that  this  year  the  rains  lasted  longer  than  usual  and/'or  there 
were  heavy  i-ains  incmediatoly  bel'ore  v;e  stai-ted  operations.  As  mentioned  above,  such  ciiviron- 
mont.nl  conditions  seriously  affect  the  flea  populations,  vriiich  vjere  lower  than  usi^al,  and  it 
may  be  that  the  fleas  vje  liad  tested  were  iiimsually  youthful  (as  the  small  inmibers  of  i.'.at  .-e 
eggs  noted  clearly  indicate)  and  hence  they  had  relatively  little  chance  of  acquiring  ii.  mooserl 
infection,  either  due  to  having  fed  previously  only  on  a few  liosls,  or  because  tb.ey  iiad  recently 
cmei'ged,  and  liad  relatively  few  rickettsiae  growing  in  tlielr  intestine,,  j f indeed  tlioy  had  ac- 
quired any. 

k.  I*ublicati.ons  on  Murine  T^piius  i.nsed  en  tiiis  fonti^act 

1)  Our  extensive  and  oritl;al  review  of  tlie  rheology  of  murine  typhus,  containing 
original  concepts  and  Ideas,  and  including.  W'  ll  over  90O  references.  Is  being  pibllshed  by  ilie 
Tropical  Oiseases  Hulletln  (Ti-aub,  Wisseman  & raciiaiig.-Azad , ' />  in  press).  It  will  consist  of 
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at  least  ^0  pages.  Invitational  lectures  on  that  subject  were  presented  at  the  15th  Interna- 
tional Congress  of  Entomology  in  V/ashington  in  197^  and  at  the  International  Conference  on  Fleas 
at  Ashton,  England  in  1977-  The  abstract  from  the  Congress  is  already  published  (Traub,  Wisse- 
man  & Farhang-Asad , *#1977)  and  the  other  is  in  press  (Traub,  Wissenan  & Farhang-Azad,  *#  in 
press ) . 


3.  TICK-BORNE  RICKETTSIOSIS  - RICKETTSIAE  OF  THE  SPOTTED  FEVER  GROUP 

a.  General  Findings  Regarding  Infection  in  Rodents 

1)  Our  previous  reports  showed  that  the  spotted  fever  group  of  infections  is 
widespread  geographically  among  native  rodents  in  Ethiopia.  Data  on  the  sera  collected  in  1977 
are  not  yet  ready  for  analysis,  although  below  we  mention  ovl'lence  for  presence  of  the  rickett- 
siae  in  a pool  of  ticks.  This  rickettsiosis  is  considered  so  potentially  .important  in  Ethiopia 
that  v;e  review  the  observations  to  date. 

2)  The  available  data  on  IFA  tests  with  rodent  blood  are  summarized  in  Table  23, 
whence  3 important  points  become  immediately  apparent:  1)  Tliere  is  a very  high  rate  of  infcc- 

( TABLE  23  ABOUT  HERE) 

tion  in  "wild"  rodents  in  the  Koka  area;  2)  Rattus  seems  to  play  no  role  in  this  tick-borne 
rickettsiosis  in  the  areas  studied,  and  3)  there  is  no  evidence  to  date  of  natural  infection  in 
either  commensal  or  sylvan  rodents  in  the  Addis  area. 

3)  A total  of  22  of  92  (2N;j)  Arvicanthis  and  15i«  of  33  Eastomys  at  Koka  liad  anti- 
bodies of  the  spotted  fever  group,  whereas  in  the  fields  of  the  Addis  suburbs  (Area  1.5  of  Table 
1)  there  were  no  infected  Arvicanthis  noted  out  of  a total  of  49  examined.  This  anomaly  is 
difficult  to  understand  and  may  be  significant  concerning  widerstandlng  the  ecology  of  this  in- 
fection. As  indicated  below,  a notable  proportion  of  the  ticks  from  these  rodents,  including 
species  found  positive  for  these  rickettsiae  by  the  FA  test,  feed  on  cattle  during  tlie  adult 
stage  of  their  life  cycle.  Tiie  acacia  groves  of  Koka  are  daily  visited  by  herds  of  cattle  and 
goats,  and  this  no  doubt  helps  accoiint  for  tlie  relatively  large  tick  population  there  on  rodents. 
However,  there  are  cattle  and  horses  in  the  Addis  suburbs  as  well,  e.g.  at  the  Fakanissa  barn 
(1.3),  but  ticks  were  very  scarce  on  rodents  in  the  environs.  Cattle  ticks,  however,  abound. 

It  might  be  thought  that  since  the  fields  near  Addis  are  under  cultivation  and  are  plowed, 
while  acacia  groves  are  unplowed,  the  difference  in  the  tick  population  (and  the  incidence  of 
naturally  infected  ticks  and  rodents)  is  due  to  tlie  aiinual  modifications  of  the  enviroament. 

This  may  very  well  be  a critical  factor,  but  there  are  sections  near  Addis  which  are  not  dis- 
turbed by  agriculture,  and  here  the  tick  population  has  been  low  as  well  (although  the  .samp- 
ling has  been  rather  limited).  Aiother  possible  I’oason  i;ay  bo  that  it  is  notaoly  cooler  at 
Addis  than  at  Koka,  and  this  possibility  is  strengthened  by  the  observation  tliat  no  rodent 
ticks  were  collected  at  Aikober  (Area  V),  where  it  is  definitely  cold  because  of  tlie  high  ele- 
vation. However,  cattle  were  not  examined  at  Ankober.  Moreover,  in  Faklstan  we  had  collected 
ticks  and  demonstrated  tick-borne  rickettsiosis  In  the  high  mountains,  even  in  alpine  terrain 
(^Robertson  et  al.,  I97O;  ^'Robertson  1:  Wisseman,  1972).  (Ticks  from  cattle  from  ,iddis  and  Koka 
were  tested  in  limited  number  in  1977  fiud  were  net^tlve,  as  noted  heiow.  Hince  it  is  prohibited 
to  import  cattle  sera  into  the  U.S.,  we  have  not  been  able  to  obtain  data  on  the  infection  rate 
in  cattle.  ) 

4)  Tlie  absence  of  tick-borne  rickettsial  infection  in  com.mfiisal  Rati  vs  (both 
Addis  area  and  Koka  town)  is  striking,  and  this  is  prolably  associated  with  the  fact  that  none 
of  the  190  such  Addis  Rattus  examined  had  any  ticks  whatsoever,  and  tiiat  ticks  were  rare  on  the 
Koka  town  rats.  A few  ticks  weirc  collected  on  HaUnjn  in  the  scattered  huts  in  the  fields  of 
Koka  in  1977- 

5)  Native  murines  ( I’raoniys ) were  serologically  found  infeotod  with  those  rickett- 
siae at  T.erai  and  Menagesha  as  well,  viz  1/23  (4/)  and  I/19  (5/),  indicating  t-liat  tick-home 
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riokettsiosls  may  be  widely  distributed  in  Ethiopia.  The  low  rate  of  Infeution  in  those  areas  as 
compared  to  Koka  is  interesting  but  may  be  due  to  limitations  in  sampling. 

b.  Rickettsiae  of  the  Spotted  Fever  Group  Occurring  in  tative  Commensal  Rodents 


1)  Further  analysis  of  the  new  data  disclose  a point  fraught  with  epidemiological 
significance,  namely  that  wild  murines  entering  dwellings  or  acting  as  commensals,  and  their  ticks, 
may  be  infected  with  these  rickettsiae.  The  particulars  on  the  murines  are  shown  in  Table  24.  In 


all,  4 genera  of  wild  rodents  were  found  in  huts  and  other  domiciles  in  some  of  our  study-sites, 


HOSTS 

KOKA  FIELDS 

LEMI 

F.ENAGE3!iA 

SUBTOTALS 

HUTS 

OUT- 

DOORS 

TOWN 

BLDGS. 

FIELDS 

VILLAGE 

BLDGS.  FIELDS 

I OUT- 

BLDGS.  1 DOORS  . 

ARVICANTIIIS 

8/20 

=30/ 

"7/3 

=87/ 

TiOt 

Found 

0/10 

r.'ot 

Fo\ind 

i>0  W 

Done 

3/'2o 

=30/ 

V/13 

=40,/ 

MASTOMYS 

HATALENSIS 

2/18 

=11/ 

3/15 

=20/ 

0/13 

Not 

Done 

0/16 

Not 

Done 

2/31 
= 6/ 

3/19 

=20- 

PRAOMYS 

Not 

Found 

Not 

Found 

1/24 
= 4/ 

0/4 

2/12 

-=17/ 

0/7 

3/3^ 

= 8:' 

0/11 

DESMOMYS 

Not 

Found 

Not 

Found 

0/5 

Not 

Done 

0/1 

0/2 

0/6 

0/3 

SUBTOTALS 

ioA4 

=23)) 

10/25 

=43/ 

1/42 
= 2/ 

0/14 

2/28 
= Tr 

0/9 

13/99 

=13''’ 

10A7  ) 

=20')  i 

TABLE  24.  I.'ATURAL  IKFECTIOM  WIT!!  RICKT-ITTSTAE  OF  THE  SPOTVEP  FiC'/KR  CRO'JP 
OCCURRIliG  IN  "wild"  SPECIES  OF  I.'ATIVE  KUHINES  ENT-ERING  OR 
LH'IilG  I!.'  HOUSES  AS  COMPARED  WITH  THOSE  IN  THE  FIELD  II! 

ETHIOPIA,  1976,  AS  SHOWN  BY  THE  IFA  TEST 

Numerator  = Humber  positive.  Denominator  = Number  tested. 

as  mentioned  above,  and  the  dwellings  at  Koka  in  particular  were  so  poorly  constructed  that 
Arvlcanthis  and  Mastomys  could  readily  enter,  if  they  were  not  already  livi.ng  in  the  burrows 
commonly  seen  in  the  earthen  floor  of  the  huts.  At  Koka,  JO/J  of  the  2o  Ai^vicanthls  collected 
in  huts  were  infected  with  these  rickettsiae,  as  were  lljS  of  18  Mastomys.  .At  lemi,  37  '!asto- 
nys  and  Praomys  were  trapped  inside  of  homes  (wViich  were  quite  well  bulltl,  and  1 Praomys  was 
serologically  positive.  At  Lei.ajes’’ a 2 of  12  such  Praemys  (17/’)  were  .i •.-.foe -.-<1 . Of  !;  .■--■■-rn 
of  rodents  found  in  buildings  i.i  these  localities,  all  but  Desmomys  were  thus  incriminated  with 
tick-borne  rickettsiosis. 

2)  Table  25  also  presf.its  data  on  the  murines  trapped  out-of-doors  in  those  same 
areas,  and  at  Koka  the  rate  of  natural  '■  ‘’ection  vias  very  high  indeed  anoru;  such  Arv icanthls 
arid  Kastomys,  viz.  7/8  (87^)  and  3/19  (20^^)  respectively. 

3)  Available  sera  fi’on  some  uat'vo  murines  at  b'-ml,  ■■'■iiageshn  atil  Koka  were  test’  d 
in  1977  and  the  results  are  shown  in  Table  29.  In  all,  18/  of  the  sera  (21  of  114  samples)  were 

(TABLE  29  /dtOIPf  HERE) 

positive,  with  the  rate  ranging  from  4/  to  ■lO/,  while  19  of  the  21  positives  (Vl/)  )ad  titers  of 
l;8o  or  better. 

c . N-atural  Infection  with  Tick-)'orne  nickel  tsiosis  in  Vi/’ks  anil  Mites 

1)  last  year  vro  reporb-d  tli.it  6 of  38  latches  (if';-')  of  ticks  from  varU-ur.  ho,-. ; - 
and  localities  wore  naturally  Infected  with  this  agent.  Tlio  I’ate  fei-  ji.alvidual  ticks  ’.  as  I'l,  ,1 
(11/).  Of  these,  2 of  the  67  ticks  (3/)  to.stcd  from  Koka  were  positive,  but  it  is  iiote-wortliy 
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that  both  of  these  (1  Haemaphysalls  larva  and  1 Rhlplcephaliis  larva)  were  from  an  Arvlcanthls 
collected  in  a hut.  Thus,  not  only  are  there  infected  murines  in  the  homes  of  the  local  people 
there,  but  tides  as  well.  Murines  are  of  course  associated  with  a variety  of  serious  infections 
transmissible  to  man,  and  the  abundance  of  native  mvu'ines  and  Hattus , and  tlieir  fleas,  etc.  in 
dwellincs  in  Ethiopia  is  undoubtedly  a matter  of  importance  in  public  liealth. 

2)  Another  dramatic  findinf^  in  197^  wat  tliat  1}  of  15  (lOOjN)  Hyalomna  larval 
ticks,  collected  from  2 thrushes,  Myrmecoclchla  melaena  (9  ticks  and  •)  ticks  respectively)  at 
Lemi  were  positive  for  rickottsiae  of  tlie  spotted  fever  croup.  TTie  I'ole  of  birds  in  the  ecolocy 
of  this  rlckettsiosls  is  not  well  understood,  but  tliis  observation  indicates  that  birds  nay  be 
important  participants  in  P'.thiopia  (and  if  this  thrusl  '3  micratory,  in  Asia  as  well  - or  wher- 
ever else  it  is  the  bird  travels  when  migratlnc).  The  nich  rate  of  infection  in  the  V.valomT.a 
ticks  suggested  that  this  genus  may  be  a major  vector  of  the  infection.  (It  is  known  that  tians- 
stad  Lai  and  transovarial  transmission  of  Rickettsia  slbirica  may  occur  in  tlyalomiia  as  latio^m , 
fide  Hoogstraal,  I967,  and  Hyalomiiia  ticks  have  also  been  mentioned  regard iiig  ciuior L ) Eiioe 
the  birds  were  collected  4 days  apart,  it  may  very  well  be  that,  tliey  iiad  been  infested  at  dil'icf- 
ent  times  or  places,  even  tliougii  the  truslies  had  been  trapped  witliin  a mile  of  each  other.  ATI 
of  the  points  are  well  worth  further  study. 

3)  The  other  positive  results  concerning  our  PA  tests  of  ticks  in  I'l’fC  concerned 
adult  cattle  ticks,  i.e.  Poophilus  decoloratus  of  >0)  at  Koka,  Hyalom:ua  marginatum  ruf ipo.-; 

(2  of  9 = 40h)  at  I.emi.  A total  of  19  Amblyonuna  and  Hhlpicephaluf;  .‘iimus  cattle  i icl:.':  from  KcO.a 
were  negative.  Philip,  Hoogritraal  et  nl.  (1966)  had  reported  isolations  of  R.  cotiori  from  Jhn- 
blyomma  vari egatum  end  Rliiplceplmlus  simi^  from  cattle  in  various  parts  of  Ethiopia,  iii'^ludin- 
the  Koka  region,  and  also  claimed  serological  evidence  Implica' ed  otlicr  species  of  Riilp  icepl.al  os  ■ 
If.  V.  ruflpe.s  and  decoloratus.  In  1979  we  d(;raonstrated  rickettsiae  of  the  spotted  (ever  . roup 
in  2 of  2 Ixodes  nyrapiial  ticks  from  Sunciis  and  1 of  20  !^htpicep)’qlii.s  larvae,  from  Koka 

4)  'I'iie  availnt'le  da*  a rf  l icks,  Indaptid  mites  and  tlie  r.potted  (i-.n-c  j.s-ovip  of 
rickettsiae  for  1977  are  presented  on  'I'able  19  (Report  p.  29),  but  specific  Ident  i f icat.  Ions  on 
these  ectoparasites  are  pending,.  Out  of  199  ticks  fi’om  the  areas  and  liosts  listed,  rtpresonl. ing 
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17  batches,  only  one  individual  was  positive,  namely  a tick  from  Herpestes  (a  monnoose)  at  Koka 
As  yet,  no  ticks  nor  rodents  have  been  found  positive  for  these  rlckettsiae  in  the  Addis  area, 
although  endemicity  was  obviously  widespread  in  Ethiopia,  as  indicated  above.  It  therefore  was 
particularly  gratifying  to  find  4 of  10  laelaptid  mites  positive  on  Desmomys  from  Intoto,  espe- 
cially since  the  murine  was  trapped  within  a hut.  In  1975  we  reported  positive  mites  from  a 
shrew  at  Koka.  I.ast  year  we  also  cited  data  on  infected  ticks  and  rodents  within  huts  at  Koka 
It  nay  be  of  importance  in  public  health  that  people  in  various  parts  of  Ethiopia  are  sh.arlng 
their  homes  with  ticks,  mites  and  murines  infected  with  rlckettsiae  of  tlie  spotted  fever  group. 


4.  OTHER  RICKiITTSIAL  INFECTION 


a . Chi~ger-borne  Rjckettslosis 

1)  There  has  been  no  definitive  evidence  that  this  Infectio.n  occurs  in  Africa, 
and  serological  reports  purporting  to  show  endemicity  cannot  be  properly  evaluated  (Traub  5; 
Uisseman,  . In  our  studies  in  Ethiopia  we  have  collected  2 new  species  of  tlie  subger.us 

Leptotrombidium  allied  to  the  known  vectors  of  this  rickettsiosis  (as  well  as  several  other  new 
species  of  that  genus  and  other  genera).  These  constitute  the  first  records  of  the  vector-group 
in  Africa,  and  since  chigger-borne  rickettsiosis  has  been  fou-nd  wherever  members  of  this  group 
of  chlggers  have  been  adequately  tested,  the  subject  is  v;orth  pursuing. 

b.  Epidemic  Typhus 

1)  Severe  cuts  in  the  budget  and  the  absence  of  a clinician  in  Addis  made  it  neces 
sary  to  suspend  research  on  this  program.  However,  with  the  arrival  of  Dr.  llamory  on  the  scene 
at  tIAiuiU-5,  and  his  active  interest  and  excellent  work  on  this  subject,  investigations  were  re- 
newed, but  the  departure  of  IiAMIUt-5  lias  forced  termination  of  t)io  clinical  aspects  of  a highly 
promising  study.  Results  are  pending  on  the  study  of  lunbilioal  cord  sera  and  maternal  anti- 
bodies based  upon  m.aterial  kindly  collected  by  Pj,.  Si  say  at  Addis  in  collaboration  with  I.AIi.RU-'j. 

2)  The  two  articles  by  Mcl>ade  et  al.*^',  previously  m.eTitlonod,  have  been  revised 
and  are  in  press.  Other  papers  on  epidemic  typhus,  not  directly  sponsored  by  this  Contract  are 
mentioned  on  Report  p.  41  below, 

5.  NOTES  ON  ZOOOEOGRArHY 

a.  The  observations  on  zoogeography  this  year  are  in  aocor-d  with  w’nat  we  had  re- 
ported last  year.  There  are  bx'oad  implications  in  tlie  distribution  of  ectoparasite-borne  infec- 
tions and  so  we  provide  background  material  in  tiiis  rogai’d. 

b.  It  was  previously  pointed  out  that  in  much  of  Etliiopian  hi-.hlai'.ds  the  small  mam- 
mals (thoraphlons ) and  their  ectoparasites  represented  wViat  we  termed  '’faunal  IrOar.ds  of  discon- 
tinuity", i.c.  they  are  relicts  of  ancestors  which  had  a broad  and  continuous  range  in  eras  vihen 
conditions  were  quite  different  (cooler  and  moister)  and  the  land  had  forest  cover,  and  whose  dc- 
scendents  have  managed  to  survive  even  tliougli  tlie  original  liabiiat  has  been  destroyed  by  r.an, 
livestock  or  increasing  aridity.  Ecological  isolation  has  resulted  in  the  formation  of  new 
species  or  subspecies,  but  the  affinities  with  the  montane  fauna  ot  Ke-.,  a,  Vanzan'a  and  the 
Sudan  are  clear.  It  vras  also  suggested  that,  as  we  have  sh.own  in  Pakistan  (';'r.a\ib  Uisseman*, 
1968,  19/4;  Tiaub/i*,  1972A  and  H),  ectoparasite-borne  nr  rodent-borne  Ir.feirtions  present  in  one 
mountainous  area  vfould  be  found  in  othei’S,  the  intoi'ven  itig  lovnand  desert  or  I'ain  fiu'es'  notyitti- 
stariding.  Specific  mention  was  made  of  tick-borne  riclcottsios  i s , even  t’nougli  Icnown  African  re- 
cords pertained  to  warm  semt-desert  areas  like  Koka,  and  we  predi'  ti.d  eiidinicity  In  t!ie  l ou  dains 
because  1)  vie  regaf’d  ti'Is  as  a very  ancient  infection  (Ti-aub  Ui:  senanA,  1 ‘1/4 ) and  ?)  W"  !.n<l 
found  it  widely  distributed  in  a vai'loty  of  tiabitats  in  I'akist.an,  iiif  ludin,  lii  ti  moenlains 
(Roliertson  et  nl.//,  197'I)-  Ilu;  data  In  X'XlC  supported  tliene  coni  ent  i on.e , ^i^e  I'ne  demenr.t.i’a'.  ion 
of  rickottsiae  of  the  spotted  fever  group  In  ticks  and  i-odent  s in  l.enl  and  or  "ena  • s'n,  in  tie 
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hichlancls.  We  this  year  have  reported  endemiclty  on  Mt.  Intoto,  jiict  2 Icrn.  from  Addis,  but  ii 
mites  on  a native  murine  in  a house. 

c)  The  fleas  oolleated  also  provide  similar  evidence  of  an  original  continuous 
distribution  followed  by  Isolation  in  "islands"  separated  by  ecological  or  topographical  bar- 
riers. Wiat  is  especially  interesting  is  that  tlie  botanical  environment  has  been  so  altered 
that  today  vast  areas  of  terrain  are  uniform  in  appearance,  and  the  former  existence  of  varied 
habitats  is  suggested  only  by  the  affinities  and  features  of  the  relict  fauna.  Tims,  althougli 
there  are  no  classical  barriers  like  broad  rivers,  or  lowland  swamps  or  desert,  or  ranges  of 
mountains  between  Ankober,  Lemi,  Menagesha,  Addis  arid  Mt.  Intoto,  there  are  conspicuous  signs 
of  former  isolation,  such  as  localized  bioe.ndemicity  of  fleas,  mixed  in  with  evidence  of  free 
and  uninterrupted  (and  probably  recent)  passage  between  the  areas.  Some  species  of  Ctenoph- 
thalmus  like  evidens  range  from  East  Africa  through  the  Bale  Hts.  to  Lemi,  Ankober  and  Intoto 
on  such  wide-ranging  hosts  as  T.opi.uro;iiys  and  Ber.dromns , ftir.-nin,:  subspev  ies  or  sibling  i-pecies  •.m 
route  in  the  passage  of  time.  Others  are  quite  distinctive  and  are  apparently  restricted  to  one 
of  the  study  sites,  although  their  affinities  suggest  similar  roots  and  routes.  Some  ^t^nopli- 
thalmus  are  utterly  unlike  their  neighbors  and  show  marked  bioendemicity , and  probably  represent 
ancient  stocks.  Eleas  of  subterranean  hosts  like  pocket  gop.hers  and  mole-rats,  whlcii  live  in 
groups  in  restricted  areas  and  show  discontinuity  in  distribution,  tet.d  to  show  subspeciatlon  and 
speciation  in  a marked  degree.  Their  hosts  often  do  too,  but  we  believe  the  fleas  proceed  at  a 
more  rapid  rate  despite  reports  claiming  that  evolution  in  the  host  is  faster  tlian  tfiat  of  the 
flea  (Dubinin,  1947).  It  therefoi'e  was  to  be  expected  that  the  mole-rat  Tachyoryctes  E£lenderm 
has  a different  species  of  ( Geoctenophthalmus ) in  Menagesb.a  tlicn  at  Ankober^  as  proved  to  be  the 
case,  but  it  was  surprising  to  find  2 very  different  kinds  of  ( fieootenophtlialnus ) on  this  inolo- 
rat  in  the  same  field  at  Ankober.  The  mole-rat  flea  at  Intoto  is  the  same  species  as  at  Kena- 
gesVia,  and  other  species  are  shared  by  these  two  mountains,  which  ai’e  o.ily  about  20  Ion.  ap-irt, 
but  there  may  be  significant  differences  at  the  subspecies  level,  indicating  ecological  Isola- 
tion. 

d)  Tlie  finding  of  tlie  SouUiorn  A.frican  genus  of  I'lea,  C'ni  asiopsylla , on  tin-  pla- 
teau of  the  Ethiopian  liighlands  nor  .h  of  Addis  and  again  at  Jritoto  is  unprecedented.  Tiiere  lias 
been  no  previous  indication  of  faunal  conn(!ctions  between  the  two  countri(-r.,  save  for  nigli-ubi- 
quitous  hosts  like  topliuromys , and  if  the  Chiastopsylla  had  entered  Etliiopia  as  a i-ecent  immi- 
grant via  such  a mouse,  then  1)  there  should  be  records  of  Cniastop.sylla  from  East  Africa,  wliero 
fleas  have  been  well  studied  because  of  plague  - and  there  are  no  such  reports  - aiid  2)  tlie  2 
Chiastopsylla  in  Ethiopia  should  be  known,  widespread  species,  instead  of  being  new  sp“cies. 

These  points  suggest  an  ancient  history  in  Ethiopia  and  lead  us  to  believe  i!at.  oilier  such  ecto- 
parasites (or  even  m.amisals)  of  Douili  origin  o”  affinit.;.'  ray  be  fo,.;d,  and  tea'  trifcc- 

tions  associated  with  those  mammals,  ticks  aiid  (Teas,  etc.  in  the  southern  pari  of  the  conti- 
nent may  exist  in  Etliiopia,  e.g.  a particular  kind  of  tick-borne  I'icket' ios is • Viral  infe'  - 
tions  in  particular  may  bo  restricted  to  certain  regions,  c.g,.  lassa  'uvui'  and  Kyasanur  Korest 
Disease,  and  while  the  reasons  therefor  are  unknown,  it  is  reasonable  to  believe  Ihey  may  be 
ecological  or  faunal,  and  hence  may  crop  up  In  a "new"  area  where  the  prim.i  i-equtremenl  r,  e xist 
but  not  he  recognized.  It  was  this  sort  of  reasoning  tbai.  led  us  to  .search  fo.",  and  (ind,  lb.- 
virus  of  Crimean  Itemorrbagic  Fever  in  VI.  Pakistan  (l'eg;..un  et  al.A',  IVi'OA.  1'). 

6.  piiHi.rcA'i’io'i;;  ny  TiiEGK  j.-iVEii'i'icATon.''. 

a.  Allusion  lias  been  made  above  (sent.ion  2k,  I<epo"t  p.  iil  ! to  three  pai'OT's . in  P’u  s;  . 
dealing  v;itli  the  ccolo/;y  of  murine  typhus  and  two  (Hepori.  p.  3‘))  on  ej  idemic  typlr.s. 

b.  The  studies  in  Kthiopin  have  led  to  soine  valiaMe  o'  .;e"Vc'tl,iou3  on  llie  lihavior' 
of  r,^)top_svlla.  segnls  fleas,  a species  vie  I'eliove  ii.ay  prove  i.o  be  ii., per!  .ant  in  tin-  e'-elogy  of 
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murine  tjTshus.  These  are  reported  in  a paper  on  adaptations  in  fleas  (Traub*#,  in  press). 

c.  Tnere  have  been  some  recent  publications  prepared  by  the  Responsible  Investiga- 
tor and  members  of  this  Department  that  are  directly  pertinent  to  the  work  being  done  under 
this  Contract  but  which  represent  sponsorship  by  non-:.avy  sources.  They  are  mentioned  for  doou- 
umentatlon,  for  purposes  of  completeness  regarding  current  state  of  the  art,  and  so  that  the 
bibliography  cited  in  this  report  is  up-to-date  and  suitable  for  reference.  As  in  the  case  of 
other  relevant  work  done  under  other  auspices  by  our  staff,  the  items  are  marked  with  a If,  and 
are  as  follows.  The  description  of  the  plague  assay  technique  for  R^  mooseri  in  tissue  samples, 
which  has  proven  so  valuable  in  our  Ethiopian  studies,  has  Just  been  published  (Murphy,  Wisseman 
& Snyder#,  ISfS).  Beaman  and  Wisseman  have  been  studying  mechanisms  of  immunity  in  typhus  in- 
fections, and  an  article  dealing  with  R^  mooseri- specific  antibodies  and  one  on  the  differential 
opsonizing  and  neutralizing  action  of  human  typhus  rickettsia-specif ic  cytophilic  antibodies  have 
Just  appeared  (,?197^a  and  b).  A paper  on  the  preventio.'i  and  control  of  I'ickettsial  diseases  v.'as 
presented  at  a meeting  in  Czechoslovakia  in  197u  (V/isseman#,  in  press).  Recent  papers  on  epide- 
mic typh’us  were  prepared  by  Fabrikant,  Wisseman  et  al.#  (1973):  and  by  Stork  and  Vflsseraan#  (197C). 

7.  SUMMARY  OF  PROGRESS  REPORT 

a.  Considerable  progress  was  made  during  the  current  year  despite  the  facts  tliat 
the  bulk  of  the  studies  were  based  upon  collections  of  specimens,  observations  and  data  made 
during  Just  one  month's  field  work  in  Ethiopia  and  tliat  the  Ethiopian  Government  restricted  ou.r 
activities  to  "Addis  Ababa"  and  .oka.  The  new  approach  and  methodology  proposed  for  and  utilized 
in  this  project  h.ave  proven  sound,  and  tlie  serological  results  fvilly  reliable  when  checked  by 
standard  tests. 

b . The  Pkology  of  Murine  Typhus 

1)  The  evidence  continues  to  ovorwheliriin-ly  suggest  that  in  Etliicpia,  murine 

typhus  infection  is  intimately  associated  vdth  inti'Oduced  commensal  rodents  rattu^  and 

Mus  musculus),  and  their  ectoparasites,  indoors.  Otl.er  commensal  rodents  like  I^a^^iij^ , Praomys , 
which  are  native  murines,  do  not  seem  to  play  a role  in  the  absence  of  Rattus  or  H_.  muscul\is 
even  though  they  niay  be  common  In  domiciles  and  infested  with  Xenopsylla  clieopls , the  presumed 
vector,  or  with  bantorun,  a species  whicli  Vias  also  been  found  naturally  infected  with  t^. 
mooseri  in  our  study.  If  Rattus  or  ^ musculus  co-ex  1st  with  Praomys , tlien  it  (and  probably 
other  native  murines  as  well)  may  become  secondarily  involved  on  a limited  scale. 

2)  So  far  as  known,  murine  typhus  infection  in  Ethiopia  is  endemic  only  in  areas 

where  Rattus  rattus  and  ^ musculus  occur,  and  if  so,  th.is  means  tliat  the  Infection  is  greatly 
resti’icted  both  ('eographlcally  a.  d (■'•elogicaily  si;  • s--:  part'.clar  ceiiii-iensal  murine.;  1 a/e 

been  found  essentially  only  indoors  and  then  in  towns  or  along  the  ir.ain  routes  of  commerce. 

This  restriction  implies  that  Rattus  and,.'or  muscine^s  are  elllier  recent  imini;':ranLs  or  are 
severely  limited  because  of  ecological  reasons,  i.e.,  ex^rom-  cold  in  the  highlands  (e.g.  their 
absence  at  2900  m.  iri  huts  on  Ht.  rntcto,  only  A km.  from  /JdLs,  although  prruicnt  2 km.  away,  at 
2600  in.  ),  or  aridity  in  the  outdooi’s  at  Koka,  100  1-sii.  SW  of  Aldls,  in  the  Rift  Valley  at  lAAO  m. 
elevation.  Hot  only  are  some  villa;'es  a few  kilometers  from  A'Id's  ai'parontly  free  of  jiat.tuj; 

(e.g.  Henagesha)  and  demonstrable  H.  mooseri  iufecl;ion  in  the  coirmorsal  murines  ( Ih'.^orayj; , D'-^- 
morays , Masbonys,  etc.  ) and  their  fleas  (inclndm,-  ^ at.d  ei/leinl cl  t y 

may  vary  considerably  within  thf-  foci  wt.'-re  'Hi'iL-'JilLi  occurs  in  UattiiH  and  its  ect.oparas itos 
In  Addis  town  and  in  its  suburb  Makanissa , all  the  infected  fli  as  a-i  l 1 ;■  e noted  cunu-  fci-in  a 
"mlnifocus"  in  each  ai’ea  - Amhara's  h.ouso  or  t'le  barn.  lioreover,  f- e RaUuua  in  the  ininlfocns 
had  an  appreciably  higher  rate  of  infection  than  in  otter  places  itt  the  same  vicinity,  viz.  (S' 
in  Amliara's  liouse  versus  elsewhere  in  Addis. 

5)  r«on-coinmensal  rodenis  wei'e  I'i’ee  of  d*'::io:istra!>]  e 2i-_  mooseH  Infection,  even  in 
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the  case  of  native  murines  llvlns  In  fields  adjacent  to  areas  where  infected  liattus  were  found 
In  buildings,  viz,  at  Makanissa,  where  the  rate  was  0/49  1-n  Arvlcanthis  but  41/51  In  Rattus 

In  the  barn.  In  Koka  town,  3/105  (3^)  of  the  Rattus  we:'e  positive  by  IPA,  but  none  of  the  99 
Arvlcanthis  In  the  Acacia  groves  5 km.  south  were  Infected,  even  though  they  were  infested  with 
20-30  times  as  many  3^  cheopis  fleas.  Excluding  Praomys , a total  of  343  native  rodents  were 
tested  and  all  of  these  were  negative.  184  Arvlcanthis  and  83  Mastomys  were  Included,  There 
were  29®^  rodents  from  the  outdoors  which  were  examined  by  IFA  tests,  and  all  were  negative, 
whereas  I38  of  576  (24^)  Indoor  rodents  were  positive  for  1^  mooserl . Where  Rattus  and/or  Mus 
were  present  Indoors,  the  totals  for  all  Indoor  murids.  Including  Praomys  etc.  are  138/522,  or 

26%. 

4)  Xenopsylla  cheopis  was  present  wherever  Infected  Rattus  were  found  but  was 
unco:timon  In  the  Addis  area.  Here  the  "index”  or  average  number  per  rat  was  only  in  the  vicinity 
of  0.3  at  the  period  of  maximal  abundance  (the  dry  season).  In  cc.utrnst  in  Koka,  wluore  !t  is 
much  warmer.  In  1976  the  Index  on  town  Rattus  was  6 times  as  high,  but  on  Arvlcanthis  in  the 
fields  It  was  I50  times  as  abundant  as  at  Addis,  (We  regard  Arvicantliis  as  the  true  host  and 
Northern  Africa  as  the  original  home  of  this  so-called  Indian  Rat  Flea,  ) In  all  areas  and  on 
all  hosts,  X.  cheopis  was  accompanied  by  a somewhat  more  abundant,  sibling  species,  X.  bantorum, 
whose  native  host  we  believe  Is  Mastomys.  In  Addis  Rattus  was  commonly  Infested  with  Loptopsyll a 
segnis  fleas,  with  an  index  of  about  5 or  6.  segnl s Is  virtually  restricted  to  Rattus  or  Hus 
musculus  and  has  not  been  found  in  tlie  other  areas  except  for  Ht.  Intoto.  A related  species, 

L.  aethioplca  occurs  on  native  murines  (especially  Mus  ( Leggada ) ) in  all  the  localities  studied, 
and  was  conunon  on  those  hosts  in  houses  in  Leml  and  Menagesha,  where  Rattus  has  not  been  found, 
but  where  X.  cheopis  and  ^ bantorum  Infest  these  Hastom.v  s , Praom^  s or  Dos  mom;,  s , all  in  the  ab- 
sence of  demonstrable  R_^  mooserl . 

5)  Xenopsyl la  fleas  exhibit  a marked  seasonal  incidence  in  Elhiopia,  viz,  at 
Koka  they  are  100-fold  as  prevalent  in  the  dry  season  as  at  the  end  of  the  rains.  Since  tiiey 
arc  so  uncommon  at  all  seasons  in  Addis,  althougli  varying  1n  an  analogous  way  ui  tli  respect  to 
the  rains,  and  since  Xenopsylla  wore  not  collected  at  all  at  Ankober  (at  a mucli  iilglior  eleva- 
tion), we  believe  that  ^ cheopis  and  ^ bantoruiii  are  near  their  ecological  limits  In  the  cli- 
mate of  a liighlatid  city  like  Addis  (approx.  2400  m.).  This  belief  is  suppoidod  by  its  rarity 
at  2900  m.  on  Mt.  Intoto,  especially  outdoors. 

6)  Hyperendemic,  highly  localized  foci  have  been  noted  in  Addis.  Thus,  of 
the  Instances  v;here  an  Infected  louse  or  flea  was  detected  by  the  FA  tost  came  from  eltl.'er 
Amharats  house  or  the  barn  at  Makanissa,  Infected  fleas  and/or  lice  were  found  on  30  occasions, 
and  In  12  instances  more  tiian  one  Ei)ecies  of  cctopai-aslte  was  tested  from  tiiosc  rats.  In 

of  those  instances,  more  than  one  speoI.es  on  tho  rat  was  found  to  harbor  1^  ::rioseri . Further, 
an  unusually  large  percentage  of  the  Individuals  in  the  pool  was  positive.  In  several  cases. 

100^  of  tile  fleas  or  lice  tested  had  rickettsiae.  Rattus  from  tliese  particular  liypcrendemlc 
"mlnlfocl"  had  a significantly  higher  Incidence  of  infection  than  did  tliose  from  otliPr  adjacent 
aren.s.  It  Is  empha.slzed  that  there  was  a liigii  rate  of  infection  in  the  barn  in  1975-7(^-77  And 
In  Amliara's  house  botli  of  the  years  tests  wore  made.  Such  persistence  of  lnfectIo!i  in  a focus 
needs  special  study. 

7)  The  current  findings  emphasize  the  need  for  re-evaluation  of  tiio  role  of- rat - 
lice  (Folyplax  and  lloploplcura)  in  t Vie  ecology  of  murine  typlms.  Tliere  are  2 si'CClos  of  lice 
on  Rattus  in  Etlilopia,  spiiiulosa  and  IJ_^  oenomydl  r. , and  liotli  may  occur  on  tlie  same  rat,  hire 
Viave  been  difficult  to  collect  and  in  197^  only  18  (from  13  Rattus ) were  tested  b,v  tiic  FA  terli- 
nlque,  and  6 of  these  (33/)  were  positive,  liitli  siiecles  were  represented  and  some  of  eacli  spe- 
cies were  infected.  Two  of  tlie  lice  (from  2 different  Rattus ) were  fi'om  the  same  lioiis  i ng-co:.i- 
pouiid  whoi’e  all  the  Itifecled  fleas  Viad  been  collected.  In  1977.  ^ ef  Hat  I us  lice  was  jaisl- 
ttve,  and  it  was  from  tiie  same  niinifocus. 
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8)  There  have  been  no  positives  noted  in  direct  FA  tests  for  nooscrl  In  a 
total  of  273  ticks  (193  this  year)  nor  In  210  mesostlgnatld  mites  (1*10  In  1977)-  Only  10  of 
the  ticks  were  from  Rattus , and  only  60  of  the  mites  cane  from  that  host. 


c.  Tick-borne  Rlckettslosls 

1)  In  the  1976  studies,  15  of  34  (44jJ)  of  the  Arvtcanthls  and  5 of  33  (15^)  of 
the  Hastomys  In  the  Koka  area  were  Infected  with  rlckettslae  of  the  spotted  fever  group.  In 
marked  contrast,  none  of  the  49  A rv lean this  from  the  Addis  suburbs,  examined  during  1975-76 
were  positive.  The  reasons  for  such  a discrepancy  are  unclear,  particularly  In  view  of  our 
finding  Infected  rodents  (I/28  Praomys  at  Leml  and  I/19  Praomys  at  F.enagesha)  at  highland  ele- 
vations and  terrain  comparable  to  Addis.  Data  on  rodent  sera  for  1977  are  pending.  The  same 
general  picture  Is  presented  by  the  data  on  ticks:  In  1976,  3/^  of  67  ticks  at  Koka;  of  66 
at  Leml,  but  0/33  at  Addis  were  positive.  In  1977,  only  one  tick  of  I95  tested  was  Infected, 
and  It  came  from  Koka. 

2)  Notably  some  of  these  1976  naulve  murines  were  trapped  In  dwellings  in  Koka, 

Menagesha  and  Leml,  where  they  often  are  abundant.  Thus,  30Jo  of  the  26  Arvlcanthi  s taken  In 
huts  at  Koka  were  positive  for  these  rlckettslae.  The  2 ticks  found  Infected  at  Koka  In  1976 
were  also  from  2 such  commensal  Arvlcanthls.  This  year's  infected  tick  was  from  llerpestes  at 
Koka. 

3)  Two  thrushes  at  Leml  carried  Hyaloimaa  larval  ticks  of  which  all  the  samples 
tested  (13/13)  were  positive  for  these  rlckettslae.  This  suggests  that  both  migratory  birds 
and  Hyalomma  ticks  nay  be  major  participants  In  the  cycles  of  tick-borne  rlckettslosls  In 
Ethiopia. 

4)  In  1977,  4 of  10  laelaptld  mites  from  a Desmoniys  In  a hut  at  Intoto  were  In- 
fected. In  1975  some  Infected  mites  'tfere  found  on  a shrew  at  Koka. 

3)  The  occurrence  In  domiciles  of  rodents  and  ticks  Infected  with  these  rlckett- 
slae in  various  parts  of  Ethiopia  Is  significant. 

d.  Other  Points 

1)  Among  tlio  new  species  of  chlggers  collected  by  us  In  Ethiopia  are  two  members 
of  the  subgenus  Lcptotrombldlum  related  to  the  vector.s  of  chlgger-borne  rlckettslosls  in  tlie 
mountains  of  Pakistan  and  northern  Asia,  Sltice  Infection  with  1^  tsutsugamushl , the  agent  of 
that  rlckettslosls,  has  been  found  wherever  sought  In  the  presence  of  that  group  of  chlggers, 
and  ours  are  the  first  records  of  such  tromblcullds  In  Africa,  the  possibility  of  chlgger-borne 
rlckettslosls  occurring  on  that  continent  should  be  Investigated. 

2)  Because  of  cuts  In  the  budget  and  the  absence  of  a clinician  In  Addis,  re- 
search on  epidemic  typhus  was  dcomphaslzed.  Work  Is  continuing  on  serological  studies  on 
maternal  and  fetal  antibodies. 

3)  Despite  the  destruetjou  of  the  original  vegetative  cover  (fox’est  In  tiie  high- 
lands) over  much  of  Ethiopia,  the  Slphonaptcran  fauna  Is  a fairly  rich  one,  representing  relict 

survivors  of  former  conditions.  Most  of  the  highland  species  on  native  !r.iirl]ies  belong  to  V 

Ctonophthalmus , and  tiiere  are  at  least  10  species  new  to  Science  at  liand.  Many  of  the  other  i 

non-co:iimensal  species  are  also  now.  In  that  category,  and  of  particular  Interest,  are  tlio  I'.clii d- 

nophaga  of  iiouse  rats  ( Rattus ) In  Koka  wlilcti  burrows  Irito  tlie  superficial  layers  of  the  skin 

of  tlio  host,  and  2 Clilastoosyl Ja  from  Lemi  , Mcnagesiia  and/or  Intoto.  Tlie  laticr  genus  has  iievei' 

been  reported  north  of  Rhodesia,  and  the  family's  nortlicaotei'n  record  has  been  tlic  Congo.  Belli 

of  tiiese  new  Chlastopsyllu  have  been  found  on  native  murines  witliln  liouses  as  well  as  in  tlie 

fields. 

4)  Tlie  zoogeograplilc  findings  continue  to  bo  of  significance.  More  data  liave 
been  accumulated  Indicating  the  relict  nature  of  the  fleas  in  many  of  the  lilgliland  areas,  not 
only  Iri  the  Isolated  mountaihs  but  in  tlie  plateaus  where  destruct  ion  of  tlie  forest  covei’  lias 
obliterated  ecological  barriers  that  defined  ml  crohab!  tats . A'-eas  of  l.lie  same  general  ai'pearai.re 
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and  of  uniform,  confluent,  topographic  features  show  surprising  elements  of  bloendemlc Ity.  Mach 
of  the  highland  fauna  is  of  East  African  montane  affinity,  but  we  have  learned  that  fleas  of 
South  African  origin  are  also  present  (l.e.  2 new  species  of  Chlastopsylla  at  Leml ) although 
such  possible  faunal  relationships  had  not  been  suspected.  One  of  those  Chlastopsylla  Is  com- 
mon on  native  murines  In  dwellings  and  hence  may  prove  to  be  of  medical  significance.  The  zoo- 
geographic  data  on  fleas  led  us  to  predict  that  Infections  associated  with  rodents  and  ecto- 
parasites In  one  area  probably  occur  In  other  areas  where  a similar  fauna  exists,  despite 
"barriers"  like  semi-desert  In  between.  Tick-borne  rlckettslosls  has  now  proven  to  be  a case 
in  point,  and  the  finding,  reported  In  I976,  of  mooserl  Infection  In  Rattus  In  tropical  low- 
land areas  like  Gambela  Is  also  In  accord  with  these  concepts, 

5)  The  technique  of  Isolating  Rj_  mooserl  from  the  kidneys  of  a field-caught  rat 
directly  Into  tissue  cultures  has  proven  very  successful. 

6)  A total  of  6 publications,  based  wholly  or  In  part  upon  this  Contracc  or  Its 
predecessor,  are  in  press. 
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with  Praonys,  then  it  (and  probably  other  native  murines  as  well)  may 
become  secondarily  involved  on  a limited  scale.  , 
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